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FIG. 6
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METHOD FOR TRANSMITTING AND
RECEIVING UPLINK CONTROL
INFORMATION AND DEVICES
SUPPORTING THE SAME

This application claims the benefit of U.S. Provisional
Application No. 62/530,768 filed on Jul. 10, 2017, No.

62/531,811 filed on Jul. 12, 2017, No. 62/543,949 filed on
Aug. 10, 2017, No. 62/555,691 filed on Sep. 8, 2017, No.
62/622,087 filed on Jan. 25, 2018, No. 62/622,737 filed on
Jan. 26, 2018, No. 62/630,605 filed on Feb. 14, 2018, No.
62/635,4'74 filed on Feb. 26, 2018, and No. 62/669,951 filed
on May 10, 2018, all of which are hereby incorporated by
reference as 1 fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The following description relates to a wireless commu-
nication system, and more particularly, to a method for
transmitting and receiving uplink control information
between a terminal and a base station 1n a wireless commu-
nication system to which various numerologies are appli-
cable, and devices supporting the same.

Discussion of the Related Art

Wireless access systems have been widely deployed to
provide various types of communication services such as
voice or data. In general, a wireless access system 1s a
multiple access system that supports communication of
multiple users by sharing available system resources (a
bandwidth, transmission power, etc.) among them. For
example, multiple access systems include a Code Division
Multiple Access (CDMA) system, a Frequency Division
Multiple Access (FDMA) system, a Time Division Multiple
Access (ITDMA) system, an Orthogonal Frequency Division
Multiple Access (OFDMA) system, and a Single Carrier
Frequency Division Multiple Access (SC-FDMA) system.

As a number of communication devices have required
higher communication capacity, the necessity of the mobile
broadband communication much improved than the existing
radio access technology (RAT) has increased. In addition,
massive machine type communications (MTC) capable of
providing various services at anytime and anywhere by
connecting a number of devices or things to each other has
been considered 1n the next generation communication Sys-
tem. Moreover, a communication system design capable of
supporting services/UEs sensitive to reliability and latency
has been discussed.

As described above, the mtroduction of the next genera-
tion RAT considering the enhanced mobile broadband com-
munication, massive MTC, Ultra-reliable and low latency
communication (URLLC), and the like has been discussed.

SUMMARY OF THE

INVENTION

An object of the present invention 1s to provide a method
for transmitting and receiving uplink control information
between a terminal and a base station 1n a newly proposed
communication system.

In particular, 1t 1s an object of the present invention to
provide a specific method for transmitting uplink control
information when a terminal transmits uplink control 1nfor-
mation on a physical uplink shared channel 1n a newly
proposed communication system.

It will be appreciated by persons skilled in the art that the
objects that could be achieved with the present disclosure
are not limited to what has been particularly described
hereinabove and the above and other objects that the present
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disclosure could achieve will be more clearly understood
from the following detailed description.

The present invention provides a method and devices for
transmitting and receiving uplink control 1nformation
between a terminal and a base station 1n a wireless commu-
nication system.

In one aspect of the present invention, a method for
transmitting uplink control mformation (UCI) at a user
equipment (UE) to a base station (BS) in a wireless com-
munication system includes receiving from the BS, scaling
information on acknowledgement information included 1n
the UCI through higher layer signaling, determining a num-

ber of first coded modulation symbols for the acknowledge-
ment 1nformation on physical uplink shared channel
(PUSCH) without uplink shared channel (UL-SCH) on the
basis of the scaling information, determiming a number of
second coded modulation symbols for channel state infor-
mation (CSI) by subtracting the number of the first coded
modulation symbols from a number of resource elements
that can be used for transmission of the UCI including the
acknowledgement information and the CSI, and transmitting
to the BS, the UCI including the acknowledgement infor-
mation and the CSI on the PUSCH on the basis of the
number of the first coded modulation symbols and the
number of the second coded modulation symbols.

In another aspect of the present invention, a method for
receiving uplink control information (UCI) at a base station
(BS) from a user equipment (UE) 1n a wireless communi-
cation system includes transmitting to the UE, scaling infor-
mation on acknowledgement information included in the
UCI through higher layer signaling, and receirving ifrom the
UE, the UCI including acknowledgement information and
channel state information (CSI) on a physical uplink shared
channel (PUSCH) without a uplink shared channel (UL-
SCH). Herein, the UCI including the acknowledgement
information and the CSI 1s received on the PUSCH on the
basis of a number of first coded modulation symbols for the
acknowledgement information and a number of second
coded modulation symbols for the CSI, wherein the number
of the first coded modulation symbols 1s determined on the
basis of the scaling information, and wherein the number of
the second coded modulation symbols 1s determined by
subtracting the number of the first coded modulation sym-
bols from a number of resource elements that can be used for
transmission ol the UCI including the acknowledgement
information and the CSI.

For example, when the CSI includes CSI part 1 and CSI

> part 2 and the number of the first coded modulation symbols
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corresponds to Q'ACK, a number of third coded modulation
symbols for the CSI part 1 may satisty Equation 1 below,
and a number of fourth coded modulation symbols for the
CSI part 2 may satisfy Equation 2 below:

{ .
CSLL (0 7 [Equation 1]
|| Bosser *(Ocsiy + Lesin)
Qs = mimn
? Co - Qm
PUSCH
Nsymbaﬂ 1 et
P ?
Z M.SC (JD_ QHC!{ .
=0
WPUSCH _| |Equation 2|

svinb,all

! (I'UC" ! ?
Qesin= ), MY (D= Qhck — Qesi-

{=0

where O, , may denote payload size for the CSI part 1,
where L, , may denote a number of CRC (Cyclic Redun-
dancy Check) bits for the CSI part 1, where B ,“*>" may

denote beta offset value for the CSI part 1, here Q,, may
denote modulation order of the UCI transmltted in the
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PUSCH, where ¢, may denote a target ¢ode rate of the
PUSCH without the Ul _-SCH, where M_® (1) may denote
a number of resource elements that can be used for trans-
mission of the UCI in symbol index 1, where N___ . MP G
may denote a total number of symbols of the PUSCH.

In this embodiment, a sum of the number of the third
coded modulation symbols and the number of the fourth
coded modulation symbols may correspond to the number of
the second coded modulation symbols.

As another example, when the CSI includes CSI part 1
only and the number of the first coded modulation symbols
corresponds to Q' , -, a number of third coded modulation
symbols for the CSI part 1 may satisty Equation 3 below:

PUSCH
Nsymb all -1

, UCt ,
Ocsi = Z MY (D)= Qck»
=0

|Equation 3]

ucl
where M_® (1) may denote a number of resource ele-
ments that can be used for transmission of the UCI 1n symbol

index 1, where N, . . A may denote a total number of

symbols of the PUSCH.
In this case, the number of the first coded modulation
symbols may satisfy Equation 4 below:

J, .
Qver = |Equation 4]
(r AACK N bl |
SVIRD.
|| Bogser - (Oack + Lack) 7 QUC
e R
0" %m =1, J

where O , - may denote payload size for the acknowl-
edgement information, where L , .- may denote a number of
CRC (Cyclic Redundancy Check) bits for the acknowledge-
ment information, where (3 “4“% may denote beta offset
value for the acknowledgement information, where ¢, may
denote a target code rate of the PUSCH w1theut the UL-
SCH, where a may denote a scaling value indicated by the
sealing information.

In the configuration above, the PUSCH on which the UCI
1s transmitted may be determined according to the following
rules.

For example, when a plurality of PUSCHs 1n which a
transmission interval 1s overlapped with a physical uplink
control channel (PUCCH) in which transmission of the UCI
1s scheduled includes one or more first PUSCHs scheduled
by corresponding uplink grants and one or more second
PUSCHs configured without corresponding uplink grants,
the PUSCH 1n which the UCI i1s transmitted may be deter-
mined to be one of the one or more first PUSCHs.

More specifically, 1n this case, the PUSCH in which the
UCI 1s transmitted may be determined to be a PUSCH to be
transmitted first among the one or more first PUSCHs.

In another aspect of the present invention, a user equip-
ment (UE) for transmitting uplink control information (UCI)
to a base station (BS) 1n a wireless communication system
includes a transmitter, a receiver, and a processor connected
to the transmitter and the receiver to operate, wherein the
processor 1s configured to receive from the BS, scaling
information on acknowledgement information included 1n
the UCI through higher layer signaling, determine a number
of first coded modulation symbols for the acknowledgement
information on physical uplink shared channel (PUSCH)
without uplink shared channel (UL-SCH) on the basis of the
scaling information, determine a number of second coded
modulation symbols for channel state information (CSI) by
subtracting the number of the first coded modulation sym-
bols from a number of resource elements that can be used for
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4

transmission of the UCI including the acknowledgement
information and the CSI, and transmit to the BS, the UCI
including the acknowledgement information and the CSI on

the PUSCH on the basis of the number of the first coded

modulation symbols and the number of the second coded
modulation symbols.

In another aspect of the present invention, a base station
(BS) for recerving uplink control information (UCI) from a
user equipment (UE) 1n a wireless communication system,
the UE includes a transmitter, a receiver, and a processor
connected to the transmitter and the receiver to operate,
wherein the processor 1s configured to transmit to the UE,
scaling 1nformation on acknowledgement information
included in the UCI through higher layer signaling, and
receive from the UE, the UCI including acknowledgement

information and channel state information (CSI) on a physi-
cal uplink shared channel (PUSCH) without a uplink shared
channel (UL-SCH). Herein, the UCI including the acknowl-
edgement information and the CSI on the PUSCH on the
basis of a number of first coded modulation symbols for the
acknowledgement information and a number of second
coded modulation symbols for the CSI, wherein the number
of the first coded modulation symbols 1s determined on the
basis of the scaling information, and wherein the number of
the second coded modulation symbols 1s determined by
subtracting the number of the first coded modulation sym-
bols from a number of resource elements that can be used for
transmission ol the UCI including the acknowledgement
information and the CSI.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present disclosure are exemplary and explanatory and are
intended to provide further explanation of the disclosure as
claimed.

As 1s apparent from the above description, the embodi-
ments of the present disclosure have the following eflects.

According to embodiments of the present invention, when
a terminal transmits uplink control information on a PUSCH
without uplink data (e.g., UL-SCH), the size of the acknowl-
edgment information in the uplink control information may
be set based on the scaling information configured by the
base station.

Thereby, the base station may control the maximum
number of coded modulation symbols for the acknowledg-
ment information transmitted on the PUSCH. Accordingly,
the base station may control the number of coded modula-
tion symbols for channel state information included in the
uplink control information so as to be greater than or equal
to a certain value.

Correspondingly, the terminal may transmit, on the physi-
cal uplink shared channel, uplink control information
including the acknowledgment information and channel
state mnformation having the number of coded modulation
symbols based on the configuration of the base station.

The effects that can be achieved through the embodiments
of the present mvention are not limited to what has been
particularly described hereinabove and other effects which
are not described herein can be derived by those skilled 1n
the art from the fellewmg detailed description. That 1s, 1t
should be noted that the eflects which are not intended by the
present invention can be dertved by those skilled 1in the art
from the embodiments of the present invention.

BRIEF DESCRIPTION OF THE

DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, provide
embodiments of the present invention together with detail
explanation. Yet, a technical characteristic of the present
invention 1s not limited to a specific drawing. Characteristics
disclosed 1n each of the drawings are combined with each



US 10,813,118 B2

S

other to configure a new embodiment. Reference numerals
in each drawing correspond to structural elements.

FIG. 1 1s a diagram 1illustrating physical channels and a
signal transmission method using the physical channels;

FIG. 2 1s a diagram illustrating exemplary radio frame
structures;

FIG. 3 1s a diagram illustrating an exemplary resource
orid for the duration of a downlink slof;

FI1G. 4 1s a diagram 1llustrating an exemplary structure of
an uplink subirame;

FIG. 5 1s a diagram 1llustrating an exemplary structure of

a downlink subframe;

FIG. 6 1s a diagram 1illustrating a self-contained subirame
structure applicable to the present mnvention;

FIGS. 7 and 8 are diagrams illustrating representative
connection methods for connecting TXRUSs to antenna ele-
ments;

FI1G. 9 1s a schematic diagram 1llustrating a hybrid beam-
forming structure according to an embodiment of the present
invention from the perspective of TXRUs and physical
antennas,

FIG. 10 1s a diagram schematically illustrating the beam
sweeping operation for synchronization signals and system
information during a downlink (DL) transmission process
according to an embodiment of the present invention;

FIGS. 11 to 13 are diagrams 1llustrating a case where a
PUCCH and a PUSCH overlap each other according to an
embodiment of the present invention;

FIGS. 14 and 15 are diagrams 1llustrating a case where a
PUCCH and a PUSCH overlap each other according to
another embodiment of the present invention;

FIGS. 16 to 18 are diagrams illustrating a case where a
PUCCH and a PUSCH overlap each other according to yet
another embodiment of the present mvention;

FIGS. 19 and 20 are diagrams 1llustrating a case where a
PUCCH and a PUSCH overlap each other according to yet
another embodiment of the present mnvention;

FIG. 21 1s a diagram schematically illustrating a case
where one PUSCH slot overlaps four PUCCH slots accord-
ing to the present mvention;

FIGS. 22 and 23 are diagrams 1llustrating a case where a
plurality of PUCCHSs overlaps a PUSCH according to an
embodiment of the present invention;

FIGS. 24 and 25 are diagrams 1llustrating a case where a
plurality of PUCCHs overlaps a PUSCH according to
another embodiment of the present mnvention;

FIGS. 26 to 28 are diagrams 1llustrating a case where one
PUCCH overlaps a plurality of PUSCHs according to an
embodiment of the present invention;

FI1G. 29 1s a diagram schematically illustrating a PUSCH
selection method according to an embodiment of the present
invention;

FI1G. 30 1s a diagram 1illustrating a case where PUSCH TTI
and PUCCH TTI are different from each other according to
the present invention;

FIG. 31 1s a diagram 1illustrating a UCI piggybacking
method of a terminal and a base station according to an
embodiment of the present invention; and

FIG. 32 1s a diagram illustrating configuration of a user
equipment and a base station by which the proposed
embodiments may be implemented.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The embodiments of the present disclosure described
below are combinations of elements and features of the
present disclosure in specific forms. The elements or fea-
tures may be considered selective unless otherwise men-
tioned. Each element or feature may be practiced without
being combined with other elements or features. Further, an
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6

embodiment of the present disclosure may be constructed by
combining parts of the elements and/or features. Operation
orders described 1n embodiments of the present disclosure
may be rearranged. Some constructions or elements of any
one embodiment may be included 1n another embodiment
and may be replaced with corresponding constructions or
features of another embodiment.

In the description of the attached drawings, a detailed
description of known procedures or steps of the present
disclosure will be avoided lest i1t should obscure the subject
matter of the present disclosure. In addition, procedures or
steps that could be understood to those skilled in the art waill
not be described either.

Throughout the specification, when a certain portion
“includes™ or “comprises” a certain component, this 1ndi-
cates that other components are not excluded and may be
further included unless otherwise noted. The terms “unit”,
“~or/er” and “module” described 1n the specification indicate
a unit for processing at least one function or operation,
which may be implemented by hardware, software or a
combination thereof. In addition, the terms “a or an”, “one”,
“the” etc. may include a singular representation and a plural
representation in the context of the present disclosure (more
particularly, in the context of the following claims) unless
indicated otherwise in the specification or unless context
clearly indicates otherwise.

In the embodiments of the present disclosure, a descrip-
tion 1s mainly made of a data transmission and reception
relationship between a Base Station (BS) and a User Equip-
ment (UE). A BS refers to a terminal node of a network,
which directly communicates with a UE. A specific opera-
tion described as being performed by the BS may be
performed by an upper node of the BS.

Namely, 1t 1s apparent that, 1n a network comprised of a
plurality of network nodes including a BS, various opera-
tions performed for commumication with a UE may be
performed by the BS, or network nodes other than the BS.
The term ‘BS” may be replaced with a fixed station, a Node
B, an evolved Node B (eNode B or eNB), gNode B (gNB),
an Advanced Base Station (ABS), an access point, etc.

In the embodiments of the present disclosure, the term
terminal may be replaced with a UE, a Mobile Station (MS),
a Subscriber Station (SS), a Mobile Subscriber Station
(MSS), a mobile terminal, an Advanced Mobile Station
(AMS), etc.

A transmission end 1s a fixed and/or mobile node that
provides a data service or a voice service and a reception end
1s a fixed and/or mobile node that receives a data service or
a voice service. Therefore, a UE may serve as a transmission
end and a BS may serve as a reception end, on an UpLink
(UL). Likewise, the UE may serve as a reception end and the
BS may serve as a transmission end, on a DownlLink (DL).

The embodiments of the present disclosure may be sup-
ported by standard specifications disclosed for at least one of
wireless access systems including an Institute of Electrical
and Flectronics Engineers (IEEE) 802.xx system, a 3rd
Generation Partnership Project (3GPP) system, a 3GPP
Long Term Evolution (LTE) system, 3GPP 5G NR system,
and a 3GPP2 system. In particular, the embodiments of the

present disclosure may be supported by the standard speci-
fications, 3GPP TS 36.211, 3GPP TS 36.212, 3GPP TS

36.213, 3GPP TS 36.321, 3GPP TS 36.331, 3GPP TS
38.211,3GPP TS 38.212, 3GPP TS 38.213, 3GPP TS 38.321
and 3GPP TS 38.331. That 1s, the steps or parts, which are
not described to clearly reveal the technical idea of the
present disclosure, 1n the embodiments of the present dis-
closure may be explained by the above standard specifica-
tions. All terms used 1n the embodiments of the present
disclosure may be explained by the standard specifications.

Reference will now be made 1n detail to the embodiments
of the present disclosure with reference to the accompanying
drawings. The detailed description, which will be given
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below with reference to the accompanying drawings, 1s
intended to explain exemplary embodiments of the present
disclosure, rather than to show the only embodiments that
can be implemented according to the disclosure.

The following detailed description includes specific terms
in order to provide a thorough understanding of the present
disclosure. However, 1t will be apparent to those skilled 1n
the art that the specific terms may be replaced with other
terms without departing the technical spirit and scope of the
present disclosure.

Hereinafter, 3GPP LTE/LTE-A systems are explained,
which are examples of wireless access systems.

The embodiments of the present disclosure can be applied
to various wireless access systems such as Code Division
Multiple Access (CDMA), Frequency Division Multiple
Access (FDMA), Time Division Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFDMA),
Single Carrier Frequency Division Multiple Access (SC-
FDMA), etc.

CDMA may be implemented as a radio technology such
as Umversal Terrestrial Radio Access (UTRA) or
CDMA2000. TDMA may be implemented as a radio tech-
nology such as Global System for Mobile communications
(GSM)/General packet Radio Service (GPRS)/Enhanced
Data Rates for GSM Evolution (EDGE). OFDYA . may be
implemented as a radio technology such as IEEE 802.11
(Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, Evolved
UTRA (E-UTRA), efc.

UTRA 15 a part of Universal Mobile Telecommunications
System (UMTS). 3GPP LTE 1s a part of Evolved UMTS
(E-UMTS) using E-UTRA, adopting OFDMA for DL and
SC-FDMA for UL. LTE-Advanced (LTE-A) 1s an evolution
of 3GPP LTE. While the embodiments of the present dis-
closure are described 1n the context of a 3GPP LTE/LTE-A
system 1n order to clarily the technical features of the present
disclosure, the present disclosure i1s also applicable to an
IEEE 802.16e/m system, etc.

1.3GPP LTE/LTE-A System

1.1. Physical Channels and Signal Transmission and
Reception Method Using the Same

In a wireless access system, a UE receives information
from an eNB on a DL and transmits information to the eNB
on a UL. The information transmitted and receirved between
the UE and the eNB 1ncludes general data information and
various types of control information. There are many physi-
cal channels according to the types/usages of information
transmitted and received between the eNB and the UE.

FIG. 1 1illustrates physical channels and a general signal
transmission method using the physical channels, which
may be used in embodiments of the present disclosure.

When a UE 1s powered on or enters a new cell, the UE
performs 1nitial cell search (S11). The 1mtial cell search
involves acquisition of synchronization to an eNB. Specifi-
cally, the UE synchronizes its timing to the eNB and
acquires information such as a cell Identifier (ID) by receiv-
ing a Primary Synchronization Channel (P-SCH) and a
Secondary Synchronization Channel (S-SCH) from the
eNB.

Then the UE may acquire imnformation broadcast in the
cell by receiving a Physical Broadcast Channel (PBCH)
from the eNB.

During the initial cell search, the UE may monitor a DL
channel state by receiving a Downlink Retference Signal (DL
RS).

After the mitial cell search, the UE may acquire more

detailed system information by receiving a Physical Down-
link Control Channel (PDCCH) and receiving a Physical

Downlink Shared Channel (PDSCH) based on information
of the PDCCH (S12).

To complete connection to the eNB, the UE may perform
a random access procedure with the eNB (S13 to S16). In the
random access procedure, the UE may transmit a preamble
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on a Physical Random Access Channel (PRACH) (513) and
may recerve a PDCCH and a PDSCH associated with the
PDCCH (S14). In the case of contention-based random
access, the UE may additionally perform a contention reso-
lution procedure including transmission of an additional
PRACH (515) and reception of a PDCCH signal and a
PDSCH signal corresponding to the PDCCH signal (S16).

After the above procedure, the UE may receive a PDCCH
and/or a PDSCH from the eNB (817) and transmit a Physical
Uplink Shared Channel (PUSCH) and/or a Physical Uplink
Control Channel (PUCCH) to the eNB (S18), 1n a general
UL/DL signal transmission procedure.

Control information that the UE transmits to the eNB 1s
generically called Uplink Control Information (UCI). The
UCI 1includes a Hybrid Automatic Repeat and reQuest
Acknowledgement/Negative Acknowledgement (HARQ-
ACK/NACK), a Scheduling Request (SR), a Channel Qual-
ity Indicator (CQI), a Precoding Matrix Index (PMI), a Rank
Indicator (RI), etc.

In the LTE system, UCI 1s generally transmitted on a
PUCCH periodically. However, 1f control information and
tratlic data should be transmitted simultaneously, the control
information and traflic data may be transmitted on a
PUSCH. In addition, the UCI may be transmitted aperiodi-
cally on the PUSCH, upon receipt of a request/command
from a network.

1.2. Resource Structure

FIG. 2 illustrates exemplary radio frame structures used 1n
embodiments of the present disclosure.

FIG. 2(a) illustrates frame structure type 1. Frame struc-

ture type 1 1s applicable to both a full Frequency Division
Duplex (FDD) system and a half FDD system.

One radio frame 1s 10 ms (1T1=307200-Ts) long, including,
equal-sized 20 slots indexed from O to 19. Each slot 1s 0.5
ms (Tslot=15360-Ts) long. One subirame 1ncludes two suc-
cessive slots. An ith subirame includes 2ith and (2i1+1)th
slots. That 1s, a radio frame includes 10 subirames. A time
required for transmitting one subirame i1s defined as a
Transmission Time Interval (TTI). Ts 1s a sampling time
grven as Ts=1/(15 kHzx2048)=3.2552x10-8 (about 33 ns).
One slot includes a plurality of Orthogonal Frequency
Division Multiplexing (OFDM) symbols or SC-FDMA sym-
bols 1n the time domain by a plurality of Resource Blocks
(RBs) 1n the frequency domain.

A slot includes a plurality of OFDM symbols in the time
domain. Since OFDMA 1s adopted for DL in the 3GPP LTE
system, one OFDM symbol represents one symbol period.
An OFDM symbol may be called an SC-FDMA symbol or
symbol period. An RB 1s a resource allocation unit including,
a plurality of contiguous subcarriers 1n one slot.

In a full FDD system, each of 10 subirames may be used
simultaneously for DL transmission and UL transmission
during a 10-ms duration. The DL transmission and the UL
transmission are distinguished by frequency. On the other
hand, a UE cannot perform transmission and reception
simultaneously 1 a halt FDD system.

The above radio frame structure 1s purely exemplary.
Thus, the number of subframes 1n a radio frame, the number
of slots in a subirame, and the number of OFDM symbols 1n
a slot may be changed.

FIG. 2(b) 1llustrates frame structure type 2. Frame struc-
ture type 2 1s applied to a Time Division Duplex (TDD)
system. One radio frame 1s 10 ms (T1=307200-Ts) long,
including two half-frames each having a length of
5 ms (=133600-Ts) long. Fach half-frame includes five
subirames each being 1 ms (=30720-Ts) long. An 1th sub-
frame includes 2ith and (21+1)th slots each having a length
of 0.5 ms (Tslot=15360-Ts). Ts 1s a sampling time given as
Ts=1/(15 kHzx2048)=3.2552x10-8 (about 33 ns).

A type-2 frame includes a special subirame having three
fields, Downlink Pilot Time Slot (DwPTS), Guard Period
(GP), and Uplink Pilot Time Slot (UpPTS). The DwPTS 1s
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used for imitial cell search, synchronization, or channel
estimation at a UE, and the UpPTS 1s used for channel
estimation and UL transmission synchronization with a UE
at an eNB. The GP 1s used to cancel UL interference between
a UL and a DL, caused by the multi-path delay of a DL
signal.

[Table 1] below lists special subirame configurations

10

OFDM symbols 1n the time domain and an RB includes 12

subcarriers 1n the frequency domain, to which the present
disclosure 1s not limited.

Each element of the resource grid 1s referred to as a
> Resource Element (RE). An RB includes 12x7 REs. The
number of RBs in a DL slot, NDL depends on a DL

(DwWPTS/GP/UpPTS lengths). transmission bandwidth.

TABLE 1

Normal cvclic prefix in downlink

UpPTS Extended cvclic prefix in downlink

Normal Extended UpPTS

Special Subirame cyclic prefix cyclic prefix Nommal cyclic  Extended cyclic

configuration DwPTS in uplink in uplink DwPTS prefix in uplink prefix in uplink

0 6592 - T, 2192 - T, 2560 - T, 7680 - T, 2192 - T, 2560 - T,

1 19760 - T, 20480 - T,

2 21952 - T 23040 - T,

3 24144 - T, 25600 - T,

4 26336 - T, 7680 - T, 4384 - T, 5120 - T,

5 6592 - T, 4384 - T, 5120 - T, 20480 - T,

6 19760 - T, 23040 - T,

7 21952 - T, - - -

8 24144 - T, - - -

In addition, in the L'TE Rel-13 system, 1t 1s possible to

newly configure the configuration of special subiframes (1.¢.,
the lengths of DwPTS/GP/UpPTS) by considering the num-

ber of additional SC-FDMA symbols, X, which 1s provided
by the higher layer parameter named “srs-UpPtsAdd™ (it this
parameter 1s not configured, X 1s set to 0). In the L'TE Rel-14
system, specific subiframe configuration #10 1s newly added.
The UE 1s not expected to be configured with 2 additional
UpPTS SC-FDMA symbols for special subiframe configu-
rations {3, 4, 7, 8} for normal cyclic prefix in downlink and
special subframe configurations {2, 3, 5, 6} for extended
cyclic prefix m downlink and 4 additional UpPTS SC-
FDMA symbols for special subframe configurations {1, 2, 3,
4, 6, 7, 8} for normal cyclic prefix in downlink and special
subframe configurations {1, 2, 3, 5, 6} for extended cyclic
prefix 1n downlink.)

TABL.

(L]

Normal cyclic prefix in downlink

FIG. 4 1llustrates a structure of a UL subirame which may
be used 1n embodiments of the present disclosure.

Referring to FIG. 4, a UL subiframe may be divided into
a control region and a data region 1n the frequency domain.
A PUCCH carrying UCI 1s allocated to the control region
and a PUSCH carrying user data 1s allocated to the data
region. To maintain a single carrier property, a UE does not
transmit a PUCCH and a PUSCH simultaneously. A pair of
RBs 1n a subirame are allocated to a PUCCH for a UE. The
RBs of the RB pair occupy diflerent subcarriers in two slots.
Thus 1t 15 said that the RB pair frequency-hops over a slot
boundary.

FIG. § 1llustrates a structure of a DL subirame that may
be used 1n embodiments of the present disclosure.

Referring to FIG. 5, up to three OFDM symbols of a DL
subiframe, starting from OFDM symbol O are used as a
control region to which control channels are allocated and

30

35

40

Extended cvyclic prefix in downlink

Special UpPTS UpPTS
subirame Normal cyclic Extended cyclic Normal cyclic Extended cyclic
configuration DwPTS prefix in uplink prefix m uplink DwPTS prefix in uplink prefix i uplink
0 6592 - T, (1 +X)-2192-T, (1+ X)-2560-T, 7680 - T, (1 +X)-2192-T, (1+ X)-2560-T,
1 19760 - T, 20480 - T,
2 21952 - T, 23040 - T,
3 24144 - T 25600 - T,
4 26336 - T, 7680 - T, 2 +X)-2192-T, (2+ X)-2560-T,
5 6592 - T, (2+ X)-2192-T, (2+ X)-2560-T, 20480 - T,
6 19760 - T, 23040 - T,
7 21952 - T, 12800 - T,
8 24144 - T, — — —
9 13168 - T, — — —
10 13168 - T, 13152 - T, 12800 - T, — — —

FI1G. 3 illustrates an exemplary structure of a DL resource

orid for the duration of one DL slot, which may be used 1n
embodiments of the present disclosure.

Referring to FIG. 3, a DL slot includes a plurality of
OFDM symbols 1n the time domain. One DL slot includes 7

the other OFDM symbols of the DL subirame are used as a
data region to which a PDSCH 1s allocated. DL control
65 channels defined for the 3GPP LTE system include a Physi-
cal Control Format Indicator Channel (PCFICH), a PDCCH,
and a Physical Hybrid ARQ Indicator Channel (PHICH).
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The PCFICH 1s transmitted 1n the first OFDM symbol of

a subframe, carrying information about the number of
OFDM symbols used for transmission of control channels
(1.e. the size of the control region) in the subirame. The

PHICH 1s a response channel to a UL transmission, deliv-
ering an HARQ ACK/NACK signal. Control information
carried on the PDCCH 1s called Downlink Control Infor-
mation (DCI). The DCI transports UL resource assignment
information, DL resource assignment information, or UL
Transmission (1Tx) power control commands for a UE group.

2. New Radio Access Technology System

As a number of communication devices have required
higher communication capacity, the necessity of the mobile
broadband communication much improved than the existing,
radio access technology (RAT) has increased. In addition,
massive machine type communications (MTC) capable of
providing various services at anytime and anywhere by
connecting a number of devices or things to each other has
also been required. Moreover, a communication system
design capable of supporting services/UEs sensitive to reli-
ability and latency has been proposed.

As the new RAT considering the enhanced mobile broad-
band communication, massive MTC, Ultra-reliable and low
latency communication (URLLC), and the like, a new RAT
system has been proposed. In the present invention, the
corresponding technology 1s referred to as the new RAT or
new radio (NR) for convenience of description.

2.1. Numerologies

The NR system to which the present invention is appli-
cable supports various OFDM numerologies shown 1n the
following table. In this case, the value of u and cyclic prefix
information per carrier bandwidth part can be signaled 1n DL
and UL, respectively. For example, the value of u and cyclic
prefix information per downlink carrier bandwidth part may
be signaled though DL-BWP-mu and DL-MWP-cp corre-
sponding to higher layer signaling. As another example, the

value of u and cyclic prefix information per uplink carrier
bandwidth part may be signaled though UL-BWP-mu and

UL-MWP-cp corresponding to higher layer signaling.
TABLE 3

L Af =2 - 15 [kHzZ] Cyclic prefix

0 15 Normal

1 30 Normal

2 60 Normal, Extended

3 120 Normal

4 240 Normal

2.2 Frame Structure

DL and UL transmission are configured with frames with
a length of 10 ms. Each frame may be composed of ten
subirames, each having a length of 1 ms. In this case, the

number of consecutive OFDM s fymbols in each subtrame is
Sﬂbﬁ“ame U=N subframe,n

symb
f addition, each subframe may be composed of two

half-frames w1th the same size. In this case, the two hali-
frames are composed of subirames 0 to 4 and subframes 5
to 9, respectively.

Regarding the subcarrier spacing [, slots may be num-
bered within one subirame 1n ascending order like

n*el0, ..., N 7" *_1} and may also be numbered

5303‘

within a frame in ascending order like n_}&{0, . . . .
N_, J7eme: H_11 1In this case, the number of consecutive
OFDM symbols 1n one slot (NS _5°"y may be determined as
shown 1n the following table accordmg to the cyclic prefix.
The start slot (n ") of one subframe 1s aligned with the start
OFDM symbol (n "N .*°") of the same subframe in the

symb

time dimension. Table 4 shows the number of OFDM

5

10

15

20

25

30

35

40

45

50

55

60

65

12

symbols 1n each slot/frame/subirame in the case of the
normal cyclic prefix, and Table 5 shows the number of
OFDM symbols 1n each slot/frame/subirame 1n the case of
the extended cyclic prefix.

TABLE 4
u Nsymbsfﬂr stﬂ Eﬁ"ame L Nﬂﬂ:ubﬁﬂme LL
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16
S 14 320 32
TABLE 5
I Nsymbsfar stg ;ﬁ"ame L Nﬂﬂfsubﬁﬂme LL
y 12 40 4

In the NR system to which the present invention can be
applied, a self-contained slot structure can be applied based
on the above-described slot structure.

FIG. 6 1s a diagram illustrating a self-contained slot
structure applicable to the present mnvention.

In FIG. 6, the hatched area (e.g., symbol index=0) 1ndi-
cates a downlink control region, and the black area (e.g.,
symbol mndex=13) indicates an uplink control region. The
remaining area (e.g., symbol index=1 to 13) can be used for
DL or UL data transmission.

Based on this structure, the eNB and UE can sequentially
perform DL transmission and UL transmission in one slot.
That 1s, the eNB and UE can transmit and receirve not only
DL data but also UL ACK/NACK 1n response to the DL data
in one slot. Consequently, due to such a structure, it 1s
possible to reduce a time required until data retransmission
in case a data transmission error occurs, thereby minimizing
the latency of the final data transmission.

In this self-contained slot structure, a predetermined
length of a time gap 1s required for the process of allowing
the eNB and UE to switch from transmission mode to
reception mode and vice versa. To this end, in the seli-
contained slot structure, some OFDM symbols at the time of
switching from DL to UL are set as a guard period (GP).

Although 1t 1s described that the self-contained slot struc-
ture includes both the DL and UL control regions, these
control regions can be selectively included in the seli-
contained slot structure. In other words, the self-contained
slot structure according to the present invention may include
etther the DL control region or the UL control region as well
as both the DL and UL control regions as shown 1n FIG. 6.

In addition, for example, the slot may have various slot
formats. In this case, OFDM symbols 1n each slot can be
divided into downlink symbols (denoted by ‘D7), flexible
symbols (denoted by ‘X’), and uplink symbols (denoted by
‘U’).

Thus, the UE can assume that DL transmission occurs
only 1n symbols denoted by ‘D’ and ‘X’ 1n the DL slot.
Similarly, the UE can assume that UL transmission occurs
only 1n symbols denoted by ‘U’ and ‘X’ 1n the UL slot.

2.3. Analog Beamiorming

In a millimeter wave (mmW) system, since a wavelength
1s short, a plurality of antenna elements can be installed 1n
the same area. That 1s, considering that the wavelength at 30
(GHz band 1s 1 cm, a total of 100 antenna elements can be
installed mm a 5*5 cm panel at mtervals of 0.5 lambda
(wavelength) in the case of a 2-dimensional array. Therefore,
in the mmW system, 1t 1s possible to improve the coverage
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or throughput by increasing the beamforming (BF) gain
using multiple antenna elements.

In this case, each antenna element can include a trans-
ceiver unit (I XRU) to enable adjustment of transmit power
and phase per antenna element. By doing so, each antenna
clement can perform independent beamiforming per fre-
quency resource.

However, mstalling TXRUs 1n all of the about 100
antenna elements 1s less feasible 1n terms of cost. Therefore,
a method of mapping a plurality of antenna elements to one
TXRU and adjusting the direction of a beam using an analog
phase shifter has been considered. However, this method 1s
disadvantageous 1n that frequency selective beamforming 1s
impossible because only one beam direction 1s generated
over the full band.

To solve this problem, as an intermediate form of digital
BF and analog BF, hybrid BF with B TXRUSs that are fewer
than QQ antenna elements can be considered. In the case of
the hybrid BF, the number of beam directions that can be
transmitted at the same time 1s limited to B or less, which
depends on how B TXRUs and (Q antenna eclements are
connected.

FIGS. 7 and 8 are diagrams illustrating representative
methods for connecting TXRUSs to antenna elements. Here,
the TXRU virtualization model represents the relationship
between TXRU output signals and antenna element output
signals.

FIG. 7 shows a method for connecting TXRUs to sub-
arrays. In FIG. 7, one antenna element 1s connected to one
TXRU.

Meanwhile, FIG. 8 shows a method for connecting all
TXRUs to all antenna elements. In FIG. 8, all antenna
clement are connected to all TXRUSs. In this case, separate

addition units are required to connect all antenna elements to

all TXRUs as shown 1n FIG. 8.

In FIGS. 7 and 8, W 1ndicates a phase vector weighted by
an analog phase shifter. That 1s, W 1s a major parameter
determining the direction of the analog beamforming. In this
case, the mapping relationship between CSI-RS antenna
ports and TXRUs may be 1:1 or 1-to-many.

The configuration shown in FIG. 7 has a disadvantage in
that 1t 1s diflicult to achieve beamiorming focusing but has
an advantage in that all antennas can be configured at low
COst.

On the contrary, the configuration shown i FIG. 8 1s
advantageous 1n that beamforming focusing can be easily
achieved. However, since all antenna elements are con-
nected to the TXRU, 1t has a disadvantage of high cost.

When a plurality of antennas are used in the NR system
to which the present invention 1s applicable, the hybrid
beamforming method obtained by combining the digital
beamforming and analog beamiorming can be applied. In
this case, the analog (or radio frequency (RF)) beamiorming
means the operation where precoding (or combining) 1s
performed at the RF end. In the case of the hybrid beam-
forming, precoding (or combining) 1s performed at the
baseband end and RF end, respectively. Thus, the hybrid
beamforming 1s advantageous in that 1t guarantees the
performance similar to the digital beamiorming while reduc-
ing the number of RF chains and D/A (digital-to-analog) (or
A/D (analog-to-digital) z converters.

For convenience of description, the hybrid beamiforming,
structure can be represented by N transceiver units (1 XRUs)
and M physical antennas. In this case, the digital beamform-
ing for L data layers to be transmitted by the transmitting end
may be represented by the N*L (N by L) matrix. Thereafter,
N converted digital signals are converted into analog signals
by the TXRUs, and then the analog beamforming, which
may be represented by the M*N (M by N) matrix, 1s applied
to the converted signals.

FIG. 9 15 a schematic diagram 1llustrating a hybrid beam-
forming structure according to an embodiment of the present
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invention from the perspective of TXRUs and physical
antennas. In FIG. 9, it 1s assumed that the number of digital
beams 1s L and the number of analog beams 1s N.
Additionally, a method for providing etlicient beamform-
ing to UEs located in a specific area by designing an eNB
capable of changing analog beamforming on a symbol basis
has been considered 1n the NR system to which the present
invention 1s applicable. Further, a method of introducing a

plurality of antenna panels where independent hybrid beam-
forming can be applied by defining N TXRUs and M RF

antennas as one antenna panel has also been considered 1n
the NR system to which the present invention 1s applicable.

When the eNB uses a plurality of analog beams as
described above, each UE has a different analog beam
suitable for signal reception. Thus, the beam sweeping
operation where the eNB applies a diflerent analog beam per
symbol 1n a specific subirame (SF) (at least with respect to
synchronization signals, system information, paging, etc.)

and then perform signal transmission 1n order to allow all
UEs to have reception opportunities has been considered in
the NR system to which the present invention 1s applicable.

FIG. 10 1s a diagram schematically illustrating the beam
sweeping operation for synchronization signals and system
information during a downlink (DL) transmission process
according to an embodiment of the present invention.

In FIG. 10, a physical resource (or channel) for transmit-
ting system information of the NR system to which the
present invention 1s applicable in a broadcasting manner 1s
referred to as a physical broadcast channel (xPBCH). In this
case, analog beams belonging to different antenna panels can
be simultaneously transmitted 1n one symbol.

In addition, as shown 1n FIG. 10, the introduction of a
beam reference signal (BRS) corresponding to the reference
signal (RS) to which a single analog beam (corresponding to
a specific antenna panel) 1s applied has been discussed as the
configuration for measuring a channel per analog beam 1n
the NR system to which the present invention 1s applicable.
The BRS can be defined for a plurality of antenna ports, and
cach BRS antenna port may correspond to a single analog
beam. In this case, unlike the BRS, all analog beams in the
analog beam group can be applied to the synchronization
signal or xPBCH unlike the BRS to assist a random UE to
correctly receive the synchronization signal or xPBCH.

2.4. Bandwidth Part (BWP)

A bandwidth up to 400 MHz per component carrier (CC)
may be supported in an NR system to which the present
invention 1s applicable.

If a particular UE operates 1n this wideband CC and
always operates with the RF module for the entire CC turned
on, UE battery consumption of the particular UE may be
large.

Alternatively, 11 a plurality of use cases (e.g., enhanced
mobile broadband (eMBB), ultra-reliable low latency com-
munication (URLLC), massive machine type communica-
tion (mMTC), etc.) 1s supportable within one wideband CC
in an NR system to which the present invention is appli-
cable, the NR system may support diflerent numerologies
(e.g., sub-carrier spacings) for respective frequency bands
within the CC.

Alternatively, UEs operating in the NR system to which
the present invention 1s applicable may have different capa-
bilities for the maximum bandwidth per UE.

Given these various considerations, the BS of the NR
system may direct the UE to operate Wlthm a partial band-
width, rather than the tull bandwidth of the wideband CC. In
the following description, the partial bandwidth 1s referred
to as a bandwidth part (BWP) for simplicity. Here, the BWP
may be composed of resource blocks (RBs) consecutive in
the frequency domain, and may correspond to one numer-
ology (e.g., sub-carrier spacing, cyclic prefix (CP) length,
slot/mini-slot duration, etc.).
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The BS may configure a plurality of BWPs 1n one CC
configured for the UE.

In one example, the BS may configure a first BWP that
occupies a relatively small frequency range for a PDCCH
monitoring slot. Here, the PDSCH indicated by the PDCCH
may be scheduled on a second BWP larger than the first
BWP.

Alternatively, 1if multiple UEs are densely populated 1n a
particular BWP, the BS may configure different BWPs for
some UEs to meet load balancing.

Alternatively, in consideration of frequency-domain inter-
cell interference cancellation between neighboring cells, the
BS may configure both side BWPs except for a middle
spectrum of the entire bandwidth in the same slot.

Thus, the BS may configure at least one DL/UL BWP for
the UE associated with the wideband CC, and the BS may
activate at least one of the DL/UL BWP(s) configured at a
specific time (through L1 signaling or medium access con-

trol (MAC) control element (CE) or radio resource control
(RRC) signaling). The activated DL/UL BWP may be

defined as an active DL/UL BWP.

Also, 11 the UE 1s 1n an 1mn1tial access procedure, or an RRC
connection has not been established yet, the UE may not fail
to recerve configuration for the DL/UL BWP from the BS.
In this situation, the UE may assume a default DL/UL BWP.
In this case, the DL/UL BWP assumed by the UE in the
situation above may be defined as an initial active DL/UL
BWP.

2.5. DCI Format 1n NR System

In the NR system to which the present invention 1s
applicable, the following DCI formats may be supported.
First, the NR system may support DCI format O_0 and DCI
format 0_1 as DCI formats for PUSCH scheduling and
support DCI format 1_0 and DCI format 1_1 as DCI formats
tor PDSCH scheduling. The NR system may also support
DCI format 2_0, DCI format 2_1, DCI format 2_2, and DCI
format 2_3 as DCI formats for other purposes.

Here, DCI format 0_0 may be used to schedule a trans-
mission block (TB)-based (or TB-level) PUSCH, and DCI
format O_1 may be used to schedule a transmission block
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CBG-based (or CBG-level) PUSCH (1f CBG-based signal
transmission/reception 1s configured).

Further, DCI format 2_0 1s used for notifying the slot
format, and the DCI format 2_1 may be used for notifying
the PRB(s) and OFDM symbol(s) where UE may assume no
transmission 1s mtended for the UE). DCI format 2_2 may
be used for transmission of transmission power control
(TPC) commands of PUCCH and PUSCH, and DCI format
2_3 may be used for transmission of a group of TPC
commands for SRS transmissions by one or more UEs.

Specific features of the DCI formats may be supported by
3GPP TS 38.212. That 1s, 3GPP TS 38.212 may be refer-
enced for evident steps or parts not described among the DCI
format-related features. In addition, all terms disclosed

herein may be described by the atorementioned standard
document.

2.6. Uplink Control Information on PUSCH
2.6.1. UCI Bit Sequence Generation
2.6.1.1. HARQ-ACK

If only HARQ-ACK bits are transmitted on a PUSCH, the
UCI bit sequence a,, a,, a,, a5, . . ., a,_; 1s determined by
setting a,=0,*“* for1=0, 1, . . ., O*“*~1 and A=0"“*, where
the HARQ-ACK bit sequence

~ACK ~ACK

~ACK
Op » O

n =een G{}HCK_I

1s given by HARQ-ACK codebook determination described
in Section 9.1 of 3GPP TS 38.213.

2.6.1.2. CSI

The bitwidth for PMI (Precoding Matrix Indicator) of
CodebookType=Iypell 1s provided in Table 6, where the
values of (N,,N.), (0,,0,), L, N,cr, M;, M,, and K*® are
given by Resource settings for UE procedure for reporting
CSI described 1n Section 5.2.1.2 of 3GPP TS 38.214. Below
Table 6 describes PMI of PMI of codebookType=typell.

TABLE 6

Information fields for wideband PMI

Information fields per subband PMI

1y 31 1141

[lﬂgz( NILN2 ﬂ [log>(2L) ]

[lﬂgz( NILN2 ﬂ [log>(2L) ]

[logo(2L) |

Rank =
SB Amp
off

Rank = 2
SB Amp
off
Rank =
sB Amp
on

[log5(0,0,] 3(2L - 1)

[log,(0,0;] 3(2L - 1)

[log5(0,0,] 3(2L - 1)

Rank = 2
SB Amp
on

[log>(0,0,] [log>(2L)[  3(2L - 1)

(TB)-based (or TB-level) PUSCH or a code block group
(CBG)-based (or CBG-level) PUSCH (1f CBG-based signal
transmission/reception 1s configured).

1y 32 1y 42 13 1.1 13 12 1221 132 22

N/A N/A (M, - 1) - N/A N/A N/A
log, Npgx
[lﬂg2(2L)] 3(2L - 1) (M, - 1) - (M5 - 1) - N/A N/A
log, Npgx logs Npsx
N/A N/A  min(M,, K¥) - N/A min(M,, N/A
log, Npgx — K(E)) -
log> Npep + 1
2 (M, -
min(M;, K*))
[log>(2L)]  3(2L - 1) min(M;, K*) - min(M,, K*) - min(M,, min(M,,
logs, Npsx - logs, Npsx - K(z)) - K(E)) -
log, Nper + log, Nper + 1 1
2 (Ml - 2 (Mg -

min(M,, K®)) min(M,, K*))

The bitwidth for PMI of codebookType=typell-PortSelec-

tion 1s provided 1n Table 7, where the values of P¢; »o, d,
L, N, M, M, and K are given by Type II Port selection

In addition, DCI format 1_0 may be used to schedule a ¢ Codebook for UE procedure for reporting CSI described in

TB-based (or TB-level) PDSCH, and DCI format 1_1 may
be used to schedule TB-based (or TB-level) PDSCH or a

Subclause 5.2.2.2.4 of 3GPP TS 38.214. Below Table 7
describes PMI of codebookType=typell-PortSelection.



US 10,813,118 B2

17
TABL

Information fields for wideband PMI

(Ll
~J]

18

Information fields per subband PMI

i1,,1 i1,,3,,1 I 1.4.1 i1,,3,2 il,,-f:1,2 i2,,1,,1 i2,,1,,2 i2,,2,,1 i2,2,2

Rank = 1 1 Pro/ps [log,(2L)] 3(2L - 1) N/A N/A M, - 1) - N/A N/A N/A

O
Rank = 2 [mg (pCS,_RS ﬂ [log>(2L)] 3L - 1) [log,(2L)] 3(2L - 1) EMI ~ 1) - EME - 1) N/A N/A
SB Amp 2\ 14 08> Npsx 08> Npgx

off
Rank = 1 1 Propg [log>(2L)]  3(2L - 1) N/A N/A  min(M,, K*) - N/A mig(Ml, N/A
sB Amp [ ng( 2d )-‘ logs, Npez — K& -

on logs, Npor + 1

2 (M, -
min(M,, K®))

Rank = 2 Propg [log>(2L)] 3(2L-1) [log>y(2L)] 3(2L - 1) min(M;, K - min(M,, K*)) - min(M;, min(M,,
SB Amp [lﬂgz( % ﬂ log, Npcx — logy Npepr = K@) = K@) -
on 192g2 E;ESK + lt::uzg2 E;ESK + 1 1

S (M, - S (M, —

For CSI on PUSCH, two UCI b1t sequences are generated,
a2, a® a® a0 Danda @, a®, a®,
a,'*, ..., a,0_,*. The CSI fields of all CSI reports, in the
order from upper part to lower part in Table 11, are mapped
to the UCI bit sequence a,*’, a,'"’, a,'*’, a,"", ... a,m_,V
starting with a,"’. The CSI fields of all CSI reports, in the
order from upper part to lower part in Table 12, are mapped
to the UCI bit sequence a,'*, a,"”, a,*®, a,**, ..., a,0_,&
starting with a,*’.

Below Table 8 describes Mapping order of CSI fields of

one CSI report, CSI part 1.
TABLE 8
CSI report number CSI fields

CSI report #n
CSI part 1

CRI or SSB index as in Table 11, if reported
Rank Indicator as in Tables 8/9/10, 1f reported
Layer Indicator as 1 Tables 8/9/10, if reported
Wideband CQI as in Tables 8/9/10, if reported
Subband differential CQI for the first TB as in
Tables 8/9/10, if reported

Indicator of the number of non-zero wideband
amplitude coeflicients M, for layer | as in Table
10, if reported

RSRP as in Table 11, if reported

Differential RSRP as i Table 11, if reported

Below Table 9 describes Mapping order of CSI fields of
one CSI report, CSI part 2 wideband.

TABLE 9

CSI report number CSI fields

CSI report #n

CSI part 2
wideband

Wideband CQI for the second TB as in Tables
8/9/10, 1t present and reported

PMI wideband mmformation fields X,

from left to right as in Tables 6/7, if reported
PMI wideband/partial band imformation fields X5,
from left to right as in Tables 6/7, if PMI-

FormatIndicator = widebandPMI and 1f reported

Below Table 10 describes Mapping order of CSI fields of
one CSI report, CSI part 2 subband.

TABLE 10

CSI report Subband differential CQI for the second TB of all even

(Ll

#n Part 2 subbands with increasing order of subband number, as 1n
subband  Tables 8/9/10, if CQI-FormatIndicator = subbandCQI and if
reported
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min(M,, K®)) min(M,, K®))

TABLE 10-continued

PMI subband information fields X, of all even
subbands with increasing order of subband number, from
left to right as 1in Tables 6/7, if PMI-FormatIndicator =

subbandPMI and if reported

Subband differential CQI for the second TB of

all odd subbands with increasing order of subband number, as
in Tables 8/9/10, if CQI-Formatlndicator = subbandCQI and
if reported

PMI subband information fields X5 of

all odd subbands with increasing order of subband number,
from left to right as in Tables 6/7, if PMI-FormatIndicator =
subbandPMI and if reported

Below Table 11 describes Mapping order of CSI reports
to UCI bit sequence a,""’, a,""’, a,"’, a, ‘P, . . ., a,0_,W,
two-part CSI report(s).

TABLE 11

UCI bit sequence CS1 report number

a (D
a, (D

2,
a, (D

CSI part 1 of CSI report #1 as in Table &
CSI part 1 of CSI report #2 as 1 Table &

CSI part 1 of CSI report #n as i Table ¥

HA(D_l(l)

CSI report #1, CSI report #2, . . ., CSI report # n 1n Table
11 correspond to the CSI reports in increasing order of CSI

report priority values according to Priority rules for CSI
reports described 1n Subclause 5.2.5 of 3GPP TS 38.214.

Below Table 12 describes Mapping order of CSI reports
to UCI bit sequence a,'*, a,*, a,*®, a,*®, . . o_, &
with two-part CSI report(s).

':aA 3

TABLE 12
UCI bit sequence CSI report number
a,>? CSI report #1, CSI part 2 wideband, as in Table 9

a, if CSI part 2 exists for CSI report #1
a,%) CSI report #2, CSI part 2 wideband, as in Table 9
a; if CSI part 2 exists for CSI report #2
CSI report #n, CSI part 2 wideband, as 1n Table 9
1if CSI part 2 exists for CSI report #n
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TABLE 12-continued

UCI bit sequence CSI report number

a4 < CSI report #1, CSI part 2 subband, as in Table 10

1if CSI part 2 exists for CSI report #1
CSI report #2, CSI part 2 subband, as 1n Table 10
if CSI part 2 exists for CSI report #2

CSI report #n, CSI part 2 subband, as in Table 10
1if CSI part 2 exists for CSI report #n

CSI report #1, CSI report #2, . . ., CSI report # n 1n Table
12 correspond to the CSI reports 1n increasing order of CSI
report priority values according to Prionty rules for CSI
reports described in Subclause 5.2.5 of 3GPP TS 38.214.

2.6.2. Code Block Segmentation and CRC (Cyclic Redun-
dancy Check) Attachment

Denote the bits of the payload by a,, a,,a,, a5, ...,a,_;,
where A 1s the payload size. The procedure in 2.6.2.1 applies
for A=12 and the procedure in section 2.6.2.2 applies for

A=l11.

2.6.2.1. UCI Encoded by Polar Code

Code block segmentation and CRC attachment 1s per-
formed according to Section 6.3.1.2.1 of 3GPP TS 38.212,
like below:

If the payload size A=12, code block segmentation and
CRC attachment 1s performed according to Polar cord-
ing described 1n Subclause 5.2.1 of 3GPP TS 38.212. If
(A2360 and E=1038) or it A=1013, I, =11; otherwise
I,..~0, where E is the rate matching output sequence
length as given 1n UCI encoded by Polar code for Rate
matching described in Subclause 6.3.1.4.1 of 3GPP TS
38.212.

If 12=A=19, the parity bits p,o, p,1> Py2s - - - 5 Prz—1y 1D

Subclause 5.2.1 of 3GPP TS 38.212 are computed by setting

L. to 6 bits and using the generator polynomial g, (D) 1n
CRC calculation procedure described in Subclause 5.1 of
3GPP TS 38.212, resulting in the sequence c¢,,, C,.
C,25 Cp35 - - - 5 Cox_yy Where r 1s the code block number and
K 1s the number of bits for code block number r.

If A=20, the parity bits p,o, P15 Pras -+ - 5 Przo1y 10
Subclause 5.2.1 of 3GPP TS 38.212 are computed by setting
L. to 11 bits and using the generator polynomial g, ,(D)
in CRC calculation procedure described 1n Subclause 5.1 of
3GPP 1S 38.212, resulting in the sequence c,,, c,;.
C,25 Cp35 - - - s Coxe—1y Where r 1s the code block number and
K 1s the number ol bits for code block number r.

'2.6.2.2. UCI Encoded by Channel Coding of Small Block
Lengths

The procedure i Section 6.3.1.2.2 of 3GPP TS 38.212
applies, like below:

If the payload size A<11, CRC bits are not attached.

The output bit sequence 1s denoted by ¢,, ¢, C,, Cs, . . .

, Cx-_1» Where c.=a, for 1=0, 1, . . . , A-1 and K=A.

2.6.3. Channel Coding of UCI

2.6.3.1. UCI Encoded by Polar Code

Channel coding 1s performed according to UCI encoded
by Polar code for Channel coding of UCI described in
Section 6.3.1.3.1 of 3GPP TS 38.212, like below:

Information bits are delivered to the channel coding

block. They are denoted by ¢4, C,;, C,», C5, . . . .

C,x 1y Where r 1s the code block number, and K, 1s the
number of bits in code block number r. The total
number of code blocks 1s denoted by C and each code
block 1s individually encoded by the following:

It 18<K <25, the information bits are encoded via Polar

coding according to Subclause 35.3.1, by setting
n__=10,1,=0, n,--3, n,~""=111 E -K +3>192 and

n,-""=0 11 E -K +3<192, where E  1s the rate match-
ing output sequence length as given 1n UCI encoded by
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Polar code for Rate matching described 1in Subclause
6.3.1.4.1 of 3GPP TS 38.212.
If K >30, the information bits are encoded via Polar
coding for channel coding according to Subclause 5.3.1
of 3GPP TS 38.212, by setting n_ =10, 1,,=0, n,-=0,
and n,""=0.
After encoding the bits are denoted by whered ,d ,, d .,
d,s; . - .5 dyv 1y Where N, 1s the number ot coded bits
in code block number r.
2.6.3.2. UCI Encoded by Channel Coding of Small Block
Lengths

Information bits are delivered to the channel coding
block. They are denoted by ¢, ¢, C5, C3, . . ., Cx_;, Where
K 1s the number of bits.

The mformation bits are encoded according to Section
5.3.3 of 3GPP TS 38.212, like below:

The bit sequence iput for a given code block to channel
coding 1s denoted by ¢, ¢,, C,, C5, . . ., Cr-_;, Where K
1s the number of bits to encode. After encoding the bits

e FE

are denoted by d,, d,, d,, . .
are denoted by d,, d,,

After encoding the baits
d,, d, ..., d,_,, where N 1s the number of coded bits.

2.6.4. Rate Matching

2.6.4.1. UCI Encoded by Polar Code

2.6.4.1.1. HARQ-ACK

For HARQ-ACK transmission on PUSCH with UL-SCH,
the number of coded modulation symbols per layer for
HARQ-ACK transmission, denoted as Q' , -, 1s determined

as following equation:

( |Equation 1]
B PUSCH PUSCH PUSCH T
Q, — mine (OHCK + L) M Nsymb ;Bqﬁ'ser
ACK —
Cur-scH 1
2 K
=0
PUSCH 3
Nsymb,a!.f_l

M;I;UC! (!) }

2,

{=0

A

where
O , -z 18 the number of HARQ-ACK bats;

L 1s the number of CRC (Cyclic Redundancy Check) bits;

M_ 7% is the scheduled bandwidth of the PUSCH
transmission, expressed as a number of subcarriers;
N__ £ 45 the number of OFDM symbols of the

symb

PUSCH transmission, excluding all OFDM symbols
used for DMRS (Demodulation Reference Signal);

PUSCH_B HARQO- ACK
offset offset

C,r_ocrr 15 the number of eede blocks for UI
PUSCH transmission;

K 1s the r-th code block size for UL
transmission;

M_ 45 s the number of subcarriers in an OFDM/SC-
FDMA symbol that carries PTRS, 1n the PUSCH trans-
mission;

N~ IRS {5 the number of OFDM symbols that carry
f’ %S in the PUSCH transmission;

(D)=I1D,““’| is the number of elements in set ®,7,

Where D, Uer 1s the set of resource elements avallable
for transmlssmn of UCI 1n OFDM symbol 1, for 1=0, 1,
2,.. ., Ny, A1 and Noyms M’PUSCHls the tetal
number of OFDM symbols of the PUSCH, including

all OFDM symbols used for DMRS.
For HARQ-ACK transmission on PUSCH without UL-
SCH, the number of coded modulation symbels per layer for
EARQ-ACK transmission, denoted as Q' , -z, 1s determined

as following equation:

-SCH of the

-SCH of the PUSCH
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(- ] |Equation 2]

PUSCH PUSCH PUSCH
(OHCK + L) ] M,g(; Nsymb ﬁﬂffﬂff

IF 4
(D ackx = MiIs
Ocsi

PUSCH )
Ny o bah!

Z MS:UC! (3)

'

A

where

O , -~z 1s the number of HARQ-ACK bits;
[, 1s the number of CRC bits;
O, 1s the number of bits for CSI part 1;
M_ %" is the scheduled bandwidth of the PUSCH

transmission, expressed as a number of subcarriers;
FUSCH 45 the number of OFDM symbols of the

N

symb
PUSCH transmission, excluding all OFDM/SC-
FDMA symbols used for DMRS;
PUSCH __ HARQ- ACK/B CSIparrl
offset offset offset ’

M_77%> is the number of subcarriers in an OFDM
Symbel that carries PTRS, 1n the PUSCH transmis-
$101;

N bP %5 is the number of OFDM symbols that carry

;[RS in the PUSCH transmission;
(D=I1D éUCI 1s the number of elements in set ®,7,

Where ®,““* is the set of resource elements avallable

for transmlssmn of UCI 1n OFDM symbol 1, for 1=0, 1,
2,.. ., Ny, AR, and Ny yms M’PUSCHB the tetal

number of OFDM symbols of the PUSCH, including

all OFDM symbols used for DMRS.

The mput bit sequence to rate matching 1s d , d ,
d,», d,5, ..., d,n_1, Wherer 1s the code block number, and
N, 1s the number of coded bits 1n code block number r.

Rate matching 1s performed according to Section 5.4.1 by
setting 1.,,=1 and the rate matching output sequence length
to E,=N;-QcxQ,/Crcy, Where

C;,~7 1s the number of code blocks for UCI determined

according to Polar coding for Code block segmentation
and code block CRC attachment described 1n Section
5.2.1 of 3GPP TS 38.212;
N, 1s the number of transmission layers of the PUSCH;
Q_ 1s the modulation order of the PUSCH.

The output bit sequence after rate matching 1s denoted as
f,00 15 40, - . . L,z 1), Where E, 1s the length of rate

#1? 7

matchmg output sequence in code block number r.

2.6.4.1.2. CSI Part 1
For CSI part 1 transmission on PUSCH with UL-SCH, the

number of coded modulation symbols per layer for CSI part
1 transmission, denoted as Q' g, .. > determined as tollow-

ing equation:

(- i |Equation 3]

PUSCH PUSCH PUSCH
(OCS.’,I + L) M Nsymb ﬁeﬁser

.
Qs = mins - :
UL-SCH™

L K

=0

({ yPUSCH ) 1!
Nsymb all -1

UCt ,
> My O] - Qe |

A {=0 / /

where
O¢sz1 18 the number of bits for CSI part 1,
[, 1s the number of CRC bits;
M_FY>“* is the scheduled bandwidth of the PUSCH
transmissien,, expressed as a number of subcarriers;
PP s the number of OFDM symbols of the
'f)USCH transmaission, excluding all OFDM symbols
used for DMRS;
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PUSCH_ CSI-partl,
Br} sel 2

Pogser

Ci <z 18 the number of code blocks for UL-SCH of
the PUSCH transmission;

K  1s the r-th code block size for UL
PUSCH transmission;

M_#%%> is the number of subcarriers in an OFDM
symbol that carries PTRS, 1n the PUSCH transmis-
S101;

Ny f %5 is the number of OFDM symbols that carry

PTRS in the PUSCH transmission;

Q' x 18 the number of coded modulation symbols per
layer for HARQ-ACK transmitted on the PUSCH 1f
number of HARQ-ACK information bits 1s more than

2, and

-SCH of the

PUSCH
Nsymb ail -1

Qlack = Z

{=0

_:;15
se,rm‘ (Z)

if the number of HARQ-ACK information bits 1s 1 or 2 bats,
where @,

1s the set of reserved resource elements for
potential HARQ-ACK transmission in OFDM symbol 1, for

1=0,1,2,...,N PUSCH_1 and M., .~ (D=1D,;> is the

symb, aff d s
number ef elements in ®,”

M__ 7 (])= DY s the number of elements in set RS

Where D, v 1s the set of resource elements avallable

for transmlssmn of UCI 1n OFDM symbol 1, for 1=0, 1,

2, mbati 7 is the total number of OFDM
Symbels of the PUSCH, including all OFDM symbols
used for DMRS.

The input bit sequence to rate matching 1s d ,, d,,,
dr_z,, d,s, . . .y d,v_1y Where r 1s the code block number, and
N, 1s the number of coded bits 1n code block number r.

Rate matching 1s performed according to Rate matching
for Polar code described 1n Section 5.4.1 of 3GPP TS 38.212
by settlng I.-=1 and the rate matching output sequence
length to E,=N;-Q' s, 'Q,,./Cryepp Where

C,,, is the number of code blocks for UCI determined

according to Polar coding for Code block segmentation

and code block CRC attachment described in Section
5.2.1 of 3GPP TS 38.212;

N, 1s the number of transmission layers of the PUSCH;

Q. _ 1s the modulation order of the PUSCH.

The output bit sequence after rate matching 1s denoted as
tos Lo Loy - o o5 Lz 1) Where E, 1s the length of rate
matching output sequenee in code block number r.

2.6.4.1.3. CSI Part 2

For CSI part 2 transmission on PUSCH with UL-SCH, the
number of coded modulation symbols per layer tor CSI part
2 transmission, denoted as Q'cgz .0, 18 determined as

following equation:

r .
(Ogs)a + L) MPUSCH . yPUSCH _ gPUSCH - [Equation 4]
; . 51,2 sC symb offset
UL-SCH™
2 K,
=0
(( WPUSCH _| 3 \)
symb all UCH
D ? ?
Z Mse (Z) - QHCK _ QCS.’,I }'

A {=0 / /

where
Ocsr.- 18 the number of bits for CSI part 2,
[, 1s the number of CRC bits;

M_7““* is the scheduled bandwidth of the PUSCH
transmission, expressed as a number of subcarriers;
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Nsymbp “S¢H s the number of OFDM symbols of the
PUSCH transmission, excluding all OFDM/SC-
FDMA symbols used for DMRS;

Bgﬁge PUSCH_BG SEfC’SI—parﬂ;

-SCH of

C,rr_ccrr 18 the nunlber of code blocks for UL
the PUSCH transmission;
K. 1s the r-th code block size for U

F

PUSCH transmission;
M_ “*> is the number of subcarriers in an OFDM/SC-
FDMA symbol that carries PTRS, in the PUSCH

transmission;
Ny 175 4s the number of OFDM symbols that carry

PTRS, 1n the PUSCH transmission;
Q' , -z 18 the number of coded modulation symbols per

layer for HARQ-ACK transmitted on the PUSCH 1t
number of HARQ-ACK information bits 1s more

than 2, and Q', =0 if the number of HARQ-ACK
information bits 1s 1 or 2 baits:

Q'csz1 18 the number of coded modulation symbols per
la(%/ r for CSI C};art | transmitted on the PUSCH;
()= IU 18 the number of elements in set <I) vt

where @, 1s the set of resource elements avallable

for transmission of UCI in OFDM symbol 1, for 1I=0, 1,

2, Nyt =1,and N, QZZPUSCHls the total
number of OFDM Synlbels of the PUSCH, including
all OFDM symbols used for DMRS.

The input bit sequence to rate matching 1s d ,, d ,,
dm d,s, . .., d,v_1y Wherer 1s the code block number, and
N, 1s the number ol coded bits 1n code block number .

‘Rate matching 1s performed according to Rate matching
tor Polar code described in Section 5.4.1 of 3GPP TS 38.212
by setting I;,,=1 and the rate matching output sequence
length to E,=N;-Q' ¢, 5°Q,./Cryeyy Where

C;rr 18 the number of code blocks for UCI determined

according to Polar coding for Code block segmentation
and code block CRC attachment described 1n Section
5.2.1 of 3GPP TS 38.212;
N, 1s the number of transmission layers of the PUSCH;
Q_  1s the modulation order of the PUSCH.
The output bit sequence after rate matching 1s denoted as
t,0o L5 40, - - ., Lz _1) where E, 1s the length of rate

F F

matching output sequence in code block number r.

2.6.4.2. UCI Encoded by Channel Coding of Small Block
Lengths

2.6.4.2.1. HARQ-ACK

For HARQ-ACK transmission on PUSCH with UL-SCH,
the number of coded modulation symbols per layer for
HARQ-ACK transmission, denoted as ', -z, 1s determined

according to Section 2.6.4.1.1, by setting the number of
CRC bits L=0.

For HARQ-ACK transmission on PUSCH with UL-SCH,
the number of coded modulation symbols per layer fer
HARQ-ACK transmission, denoted as Q' , -, 1s determined
according to Section 2.6.4.1.1, by setting the number of
CRC bits L=0.

The mput bit sequence to rate matching 1s d,,
d;, dsy . .., da g

Rate matching 1s performed according to Rate matching
for channel coding of small block lengths described in
Section 5.4.3 of 3GPP TS 38.212, by setting the rate
matching output sequence length E=N,-Q', .-Q ., where

N, 1s the number of transmission layers of the PUSCH;

Q_ 1s the modulation order of the PUSCH.

The output bit sequence after rate matching 1s denoted as
ty, 1,, ,, .. ., 1.

Herein, Rate matching for channel coding of small block
lengths described 1n Section 5.4.3 of 3GPP TS 38.212 15 like
below:

The mput bit sequence to rate matching 1s d,, d,,

d,, ..., d\_,. The output bit sequence after rate
matching 1s denoted as where {,, t,, 1,, ..., 1._,, 1s the

~-SCH of the
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rate matching output sequence length. The bit sequence
t,, 1,, 1,, . . ., 1., 1s obtained by the following:
for k=0 to E-1

f dk mod Nﬂ
end for

2.6.4.2.2. CSI Part 1
For CSI part 1 transmission on PUSCH with UL-SCH, the

number of coded modulation symbols per layer for CSI part
1 transmission, denoted as Q'.; . 1s determined according

to Section 2.6.4.1 2, by setting the number of CRC bits L=0.

Rate matching 1s performed according to Rate matching
for channel coding of small block lengths described 1n
Section 5.4.3 of 3GPP TS 38.212, by setting the rate
matching output sequence length E-1 Q' ey 1°Q, . Where

N, is the number of transmission layers of the | PUSCH

Q 1s the modulation order of the PUSCH.

The output bit sequence after rate matching i1s denoted as

fo, 4, by o oot |

Herein, Rate matching for channel coding of small block

lengths described 1n Section 5.4.3 of 3GPP TS 38.212 1s like
below:

The 1nput bit sequence to rate matching 1s d,, d,,
d,, . .., dy_;. The output bit sequence after rate
matching 1s denoted as 1, 1;, 1., ..., 1. ;, where E 1s
the rate matching output sequence length. The bit
sequence 1,, 1,, 1,, . . ., 1, 1s obtained by the
following:

for k=0 to E

1=ds o n

end for

2.6.4.2.3. CSI Part 2

For CSI part 2 transmission on PUSCH with UL-SCH, the
number of coded modulation symbols per layer for CSI part
2 transmission, denoted as Q'r;», 1S determined according
to Section 2.6.4.1.3, by setting the number of CRC bits L=0.

Rate matching 1s performed according to Rate matching
for channel coding of small block lengths described in
Section 5.4.3 of 3GPP TS 38.212, by setting the rate
matehlng output sequence length E=N,-Q' ..., Q_. where

N, is the number of transmission layers of the PUSCH

Qm 1s the modulation order of the PUSCH.

The output bit sequence after rate matching i1s denoted as
ty, 1;, 1., . . ., 1T_;.

Herein, Rate matching for channel coding of small block
lengths described 1n Section 5.4.3 of 3GPP TS 38.212 1s like
below:

The input bit sequence to rate matching 1s d,, d,,
d,, ..., dy_,, The output bit sequence after rate
matching 1s denoted as 1, 1;, 1., ..., 1. ;, where E 1s
the rate matching output sequence length. The bit
sequence 1,, f,, 1,, . . ., 1._, 1s obtained by the
following:

for k=0 to E

=i moa &

end for

2.6.5. Code Block Concatenation

Code block concatenation 1s performed according to Code
block concatenation for UCI on PUCCH described 1n Sec-
tion 6.3.1.5 of 3GPP TS 38.212.

Herein, Code block concatenation for UCI on PUCCH
described 1 Section 6.3.1.5 of 3GPP TS 38.212 1s like
below:

The mput bit sequence for the code block concatenation
block are the sequences fm, t1s Hos o o oy Lz 4y, fOr
=0, . . ., C-1 and where E  1s the number of rate matched
bits for the r-th code block.

Code block concatenation 1s performed according to Code
block concatenation described 1n Subclause 5.5 of 3GPP TS

38.212.
The bits after code block concatenation are denoted by g,

815 825 B3y - -+ » Bg-1s Where (}_':\_?’UCI/CUCIJ'CUCI with the
values of E,,~,and C,,~, given 1n UCI encoded by Polar code

for Rate matching described 1n Subclause 6.3.1.4.1 of 3GPP

_1

-1
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TS 38.212. Let G be the total number of coded bits for
transmission and G=G'+mod(E,,-,.C,,-). Set g =0 for 1=G",
G'+1, ..., G-1.

Herein, Code block concatenation described 1n Subclause

5.5 of 3GPP TS 38.212 1s like below:

The mput bit sequence for the code block concatenation
block are the sequences 1 ,, for r=0, . . ., C-1 and k=0,
..., B -1, where E  1s the number of rate matched bits
for the r-th code block. The output bit sequence from
the code block concatenation block 1s the sequence g,
for k=0, ..., G-1.

The code block concatenation consists of sequentially
concatenating the rate matching outputs for the difler-
ent code blocks. Therefore,

Set k=0 and r=0

while r<C

Set 1=0

while 1<

gk:ffj
k=k+1
1=1+1
end while
r=r+1

end while

2.6.6. Multiplexing of Coded UCI Bits to PUSCH
The coded UCI bits are multiplexed onto PUSCH accord-
ing to data and control multiplexing procedures described 1n

Section 6.2.7 of 3GPP TS 38.212.

L1

3. Proposed Embodiments

Hereinatiter, the present invention will be described in
more detail based on the technical 1dea disclosed above.

In this specification, a detailed description will be given
of various UCI piggyback schemes for a UE 1n a wireless
communication system composed ot a BS and UEs when the
UE supports the UCI piggyback operation of transmitting, 1n
the region of the physical uplink shared channel (PUSCH)
channel, which 1s a UL data transmission physical channel,
uplink control information (UCI) that 1s to be transmitted on
the physical uplink control channel (PUCCH).

As part of the 3G wireless communication system, the
3GPP standardization group 1s proceeding with standardiza-
tion of a wireless communication system named NR. The
NR system may support a plurality of logical networks 1n a
single physical system. Accordingly, the NR system 1s
designed to support services having various requirements
(c.g., enhanced mobile broadband (eMBB), massive
machine type communication (mMTC), ultra-reliability low
latency communication (URLLC), etc.).

The NR system to which the present invention 1s appli-
cable may support a PUCCH, which 1s a physical channel
tfor UCI transmission. Here, the PUCCH may include a
PUCCH (herematter, a long PUCCH) which 1s composed of
a relatively large number of orthogonal frequency division
multiplexing (OFDM) symbols (e.g., 4 or more symbols) to
support a large UL coverage and a PUCCH (hereinatter, a
short PUCCH) composed of a relatively small number of
OFDM symbols (e.g., 1 symbol or 2 symbols) to support low
latency transmission.

In addition, the NR system may support the OFDM
scheme (or Multiple Access scheme) having an independent
numerology 1n each time and frequency resource region.

In the NR system, UL transmission information may be
broadly divided into UCI and data. In general, according to
the characteristics of information, UCI transmission 1s per-
formed using a PUCCH, which 1s a dedicated physical
channel, and data transmission 1s performed using a
PUSCH, which 1s a dedicated physical channel. In addition,
if the BS 1s configured such that the UE 1s not allowed or
does not transmit the PUCCH and the PUSCH simultane-
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ously, PUSCH transmission may exist at the time of trans-
mitting the UCI. In this case, the UE may transmit the UCI
by piggybacking the UCI on the PUSCH instead of the
PUCCH.

Hereinatter, the operation of the UE of transmitting the
UCT 1n the PUSCH region 1s referred to as UCI piggyback.

Herematter, the numerology in the present invention
refers to a concept including a symbol length and/or a
subcarrier (SC) spacing of an OFDM signal.

Hereinafter, a transmission time interval (TTI) in the
present invention may mean a scheduling time unat.

Hereinatfter, in the present invention, A/N may refer to
HARQ-ACK information.

In the present invention, the PUCCH {for transmitting
uplink control information (UCI) such as HARQ-ACK or
CSI for the PDSCH scheduled through the DL assignment
may be classified into PUCCH formats disclosed below
according to the payload size and transmission duration (the
number of PUCCH transmission symbols) of the UCI.

(1) PUCCH Format O

Supportable UCI payload size: up to K bits (e.g., K=2)

Number of OFDM symbols constituting a single PUCCH:
1 to X symbols (e.g. X=2)

Transmission structure: It may be composed of only a
UCI signal without DMRS, and a specific UCI state
may be transmitted by selecting/transmitting one of a
plurality of specific sequences.

(2) PUCCH Format 1

Supportable UCI payload size: up to K baits

Number of OFDM symbols constituting a single PUCCH:
Y to Z symbols (e.g. Y=4, 7=14)

Transmission structure: DMRS and UCI may be config-
ured in/mapped to different symbols in TDM form. The
UCI may be formed by multiplying a specific sequence
by a modulation (e.g., QPSK) symbol, and multiplex-
ing between multiple UEs (within the same RB) may be
supported by applying the cyclic shift/orthogonal cover
code (CS/OCC) to both the UCI and the DMRS

(3) PUCCH Format 2

Supportable UCI payload size: more than K bits

Number of OFDM symbols constituting a single PUCCH:
1 to X symbols

Transmission structure: DMRS and UCI may be config-
ured in/mapped to the same symbol in FDM form and
may be transmitted by applying only inverse fast Fou-
rier transform (IFFT) to coded UCI bits without dis-
crete Fourier transtform (DFT).

(4) PUCCH Format 3

Supportable UCI payload size: more than K bits

Number of OFDM symbols constituting a single PUCCH:
Y to Z symbols

Transmission structure: DMRS and UCI may be config-
ured in/mapped to different symbols 1n TDM form, and

be transmitted by applying DFT to coded UCI bits.

Multiplexing between multiple UEs (within the same

RB) may be supported by applying OCC to the UCI at
the front end of DFT and applying CS (or instantaneous
frequency division multiplexing (IFDM) mapping) to
the DMRS.

(5) PUCCH Format 4

Supportable UCI payload size: more than K baits

Number of OFDM symbols constituting a single PUCCH:
Y to Z symbols

Transmission structure: DMRS and UCI may be config-
ured in/mapped to different symbols 1n TDM form and
be transmitted by applying DFT to coded UCI bits
without multiplexing between UEs.

In the present invention, a scheduling request (SR) may
refer to a physical layer signal used for a UE to make a
request to the BS for UL scheduling. In this case, positive SR
means that there 1s a UL scheduling request, and the negative
SR means that there 1s no UL scheduling request.
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In the present invention, the semi-static HARQ-ACK

codebook refers to a case where the HARQ-ACK payload
s1ze to be reported by the UE 1s semi-statically configured by
a (UE-specific) higher layer signal, and the dynamic HARQ-

ACK payload size refers to a case where the HARQ-ACK 5

payload size to be reported by the UE 1s dynamically

changeable by DCI or the like.

In the present invention, the UL-SCH may refer to UL
data that may be transmitted on the PUSCH.

In the present invention, channel state information (CSI)
may be divided into CSI part 1 and CSI part 2 according to
an embodiment.

Here, CSI part 1 may include rank indicator (RI) infor-

mation and broadband PMI/CQI information and have a

constant payload size, but CSI part 2 1 may include a
plurality of sub-band PMIs/CQIs and have a payload size

changeable according to CSI part 1 information (1.e., the
rank value).

In the present invention, the beta-oflset value may be a
design variable used to obtain the number of REs (or the
number of modulation symbols) for transmission of specific
UCI when the UCI 1s piggybacked on a PUSCH. The BS
may indicate to the UE a beta-oilset value through a (UE
specific) higher layer signal and/or DCI.

In the present invention, a counter downlink assignment
index (DAI) (hereinafter referred to as a c-DAI) may indi-
cate a specific mndex value 1n DCI (e.g., DL scheduling DCI)
indicating an order of (scheduled) PDSCHs (or transport
blocks (TBs) or code block groups (CBGs)), and a total DAI
(hereinafter referred to as t-DAI) may indicate a specific
index value 1n DCI (e.g., DL scheduling DCI) indicating the
total number of PDSCHs (or TBs or CBGs) for which
HARQ-ACK reporting 1s performed. When the UE config-
ures a HARQ-ACK payload, 1t may configure input bits
according to the c-DAI order.

Hereinafter, various UCI piggyback methods of a UE
applicable to the present mvention will be described 1n
detail.

As an example, a detailed description will be given of the
UCI piggyback operation 1n various cases including a case
where the numerology configured on the PUCCH transmis-
s1on resource 1s diflerent from the numerology configured on
the PUSCH transmission resource (e.g., the numerology for
the PUCCH transmission carrier 1s different from the numer-
ology for the PUSCH transmission carrier in the carrier
aggregation environment). The present invention will now
be described with reference to certain embodiments sub-
jected to some conditions that are applicable to UCI piggy-
back operations of the UE. However, 1t should be noted that
all the embodiments applicable to the present invention may
include not only cases where the conditions are applied but
also UCI piggyback operations of the UE applicable without
being limited to the aforementioned conditions.

3.1. First UCI Piggyback Method

In this section, 1t 1s assumed that there exists one PUSCH
in which (some) transmission intervals overlap for a specific
PUCCH. In this case, the UE may transmit the UCI in the
specific PUCCH on a PUSCH resource determined using the
UCI piggyback operation as described below.

In addition, the numerology configured in the PUCCH
transmission resource may be SC=X, and the numerology
configured 1n the PUSCH transmission resource may be
SC=X, (where X,=X,). However, the UCI piggyback opera-
tion of the UE described in this section 1s not necessarily
limited to the aforementioned condition.

(1) When the (minimum) transmission start time of the
PUCCH 1s earlier than or equal to the PUSCH transmission
start time:

Option 1-1: UCI piggyback may be performed for a time

interval overlapping the PUCCH transmission interval
in the PUSCH;

L.L
|

10

15

20

25

30

35

40

45

50

55

60

65

28

Option 1-2: UCI piggyback may be performed for the
entire time interval 1n the PUSCH.

(2) When the (mimimum) transmission start time of the

PUCCH 1s later than the PUSCH transmission start time:

Option 2-1: Only PUCCH f{ransmission may be per-
formed without transmitting the PUSCH;

Option 2-2: UCI piggyback may be performed for the
PUCCH transmission interval overlapping the PUCCH
transmission interval;

Option 2-3: UCI piggyback may be performed for the
time interval from the (mimmum) transmission start
time of PUCCH in the PUSCH to the transmission end
time of the PUSCH;

Option 2-4: PUCCH transmission may be performed after
puncturing of the PUSCH region for a time interval
overlapping the PUCCH transmission interval in the
PUSCH and PUSCH transmission may be performed 1n
the remaining time 1nterval.

Here, the minimum transmission start time of the PUCCH
refers to the earliest transmission start time that could be
applied to the corresponding PUCCH. Thus, the minimum
transmission start time of the PUCCH may implicitly indi-
cate the processing time of the UE. Here, the minimum
transmission start time may be different from the actual

transmission start time of the UE.
The PUCCH may be a PUCCH {for transmission of

HARQ-ACK (or HARQ-ACK and CSI). For example, 11 the
PUCCH 1s a PUCCH for CSI transmission, the UE may
perform UCI piggyback for the entire time interval in the
PUSCH (irrespective of the (minimum) transmission start
time of the PUCCH).

If the UE performs UCI piggyback at a time later than the
PUSCH transmission start time, the UE may perform UCI
mapping after puncturing the PUSCH region. In the opposite
case (1.e., 1f the UE performs UCI piggyback at a time earlier
than the PUSCH ftransmission start time), the UE may
perform UCI mapping after rate-matching or puncturing of
the PUSCH region.

UCI mapping may vary depending on the UCI piggyback
target time interval in the PUSCH.

The NR system to which the present invention 1s appli-
cable may support the following four cases for the PUCCH
(cell) and the PUSCH (cell). In the following description,
the numerology (or SC) and the transmission time interval
(T'T1) configured for the PUCCH transmission resource (or
cell or carrier) are denoted by SC, and TTI,, and the
numerology (or SC) and the TTI configured for PUSCH
transmission resource (or cell or carrier) are denoted by SC,
and TTI,, respectively.

Case 1: SC,=SC,, TTI=ITI,

Case 2: SC,=SC,, TTI=TTI,

Case 3: SC=5C,, T'T1,=T11,

Case 4: SC=S5C,, TTI =111,

The first UCI piggyback method described above may be
applied to all four cases. That 1s, when the PUCCH resource
overlaps the PUSCH resource 1n the time domain or the
PUCCH transmission TTI (or slot) overlaps the PUSCH
transmission TTI (or slot) in the time domain, the UE may
transmit the UCI using the first UCI piggyback method
described above, regardless of the SC and TTI relationship
between the PUCCH cell and the PUSCH cell.

FIGS. 11 to 13 are diagrams illustrating a case where a
PUCCH and a PUSCH overlap each other according to an
embodiment of the present invention.

According to the embodiment, the numerology (SC=X,)
configured 1n the PUCCH transmission resource may be
greater than the numerology (SC=X,) configured in the
PUSCH transmission resource (1.€., X,>X, ), and the trans-
mission interval of (long) PUCCH may overlap that of the
PUSCH as shown 1n FIGS. 11 to 13.

When the (minimum) transmission time of the PUCCH 1s
carlier than or equal to the transmission time of the PUSCH
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as shown 1n FIG. 11, the UE may expect the same processing

time (=given time for processing such as PDSCH decoding+
UCI encoding) for the UCI piggyback of the UCI for the

PUCCH from the PUSCH transmission start time as 1n
transmitting the UCI on the PUCCH or greater processing,
time. Therefore, the UE may perform UCI piggyback from
the PUSCH transmission start time as shown in FIG. 11.
In addition, the UE may perform UCI piggyback for the
entire PUSCH 1nterval as shown in FIG. 12, or may (lim-
itedly) perform UGI piggyback only for the time interval
corresponding to the PUCCH within the PUSCH consider-

ing the processing time of the BS as shown i FIG. 13.

FIGS. 14 and 15 are diagrams 1llustrating a case where a
PUCCH and a PUSCH overlap each other according to

another embodiment of the present invention.

According to the embodiment, the numerology (SC=X,)
configured 1n the PUCCH transmission resource may be
greater than the numerology (SC=X,) configured in the

PUSCH transmission resource (1.e., X,>X,), and the trans-

mission interval of (long) PUCCH may overlap that of the
PUSCH, as shown in FIGS. 14 and 15.

If the PUCCH transmission time 1s later than the PUSCH
transmission time as shown in FIG. 14, the UE may have a
shorter processing time for the UCI piggybacking operation
of the UCI for the PUCCH {from the PUSCH transmission
start time than when the UCI 1s transmitted on the PUCCH.

If the PUCCH transmission time 1s indicated as a time at
which the mimimum processing time of the UE can be
ensured, the UE may fail to perform UCI piggyback from
the PUSCH transmission start time due to lack of processing
time.

Therelfore, the UE may perform UCI piggyback from the
start time of PUCCH transmission as shown in FIG. 14.
Alternatively, the UE may perform UCI piggyback only for
a time 1nterval corresponding to the PUCCH in the PUSCH,
as shown in FIG. 15.

Alternatively, the UE may perform UCI piggyback for a
time interval from the PUCCH transmission start time to the
PUSCH transmission end time.

FIGS. 16 to 18 are diagrams illustrating a case where a
PUCCH and a PUSCH overlap each other according to yet
another embodiment of the present mnvention.

According to the embodiment, the numerology (SC=X,)
configured 1n the PUCCH transmission resource may be
greater than the numerology (SC=X,) configured in the
PUSCH transmission resource (1.e., X,>X,), and the trans-
mission interval of (short) PUCCH may overlap that of the
PUSCH as shown 1n FIGS. 16 to 18.

In the case of FIG. 16, similarly to the case of FIG. 14, the
UE may perform UCI piggyback after the PUCCH trans-
mission start time. Alternatively, as shown 1 FIG. 17, the
UE may perform UCI piggyback only for a time 111terval
corresponding to the PUCCH within the PUSCH. Alterna-
tively, as shown 1 FIG. 18, the UE may perform UCI
piggyback for a time 1nterval from the PUCCH transmission
start time to the PUSCH transmission end time.

FIGS. 19 and 20 are diagrams 1llustrating a case where a
PUCCH and a PUSCH overlap each other according to yet
another embodiment of the present mnvention.

In addition, 1f the PUCCH transmission interval 1s shorter
than equal to a predetermined time length (e.g., X or fewer
symbols, where X 1s a predetermined value), the UE may
puncture the time interval corresponding to the PUCCH

transmission interval within the PUSCH and transmit the
PUSCH and PUCCH by performing time division multi-

plexing (TDM).

For example, suppose that the numerology (SC=X,) con-
figured 1n the PUCCH transmission resource 1s greater than
the numerology (SC=X,) configured 1n the PUSCH trans-

mission resource (1.e., X,~>X,), and the UE transmits
HARQ-ACK on a short PUCCH.
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In this case, as shown 1in FI1G. 19, the transmission interval
of the (short) PUCCH may overlap that of the PUSCH. In
this case, the UE may perform UCI piggyback only for a
time 1nterval corresponding to the PUCCH within the
PUSCH. Alternatively, as shown in FIG. 20, the UE may
puncture the PUCCH transmission interval within the
PUSCH, and transmit the PUSCH and the PUCCH by
performing TDM.

The first UCI piggyback method described above may be
applied 1n combination with other proposed methods of the
present invention as long as they do not contlict with each
other.

3.2. Second UCI Piggyback Method

In this section, it 1s assumed that there 1s a plurality of
PUCCHSs overlapping (a part of) the time interval of a
specific PUSCH. In this case, the UE may transmit the UCI
in the PUCCH through a PUSCH resource based on a UCI
piggyback operation described below.

In addition, the numerology configured in the PUCCH
transmission resource may be SC=X, and the numerology
configured 1n the PUSCH {transmission resource may be
SC=X, (where X,=X,). However, the UCI piggyback opera-
tion of the UE described 1n this section 1s not necessarily
limited to the aforementioned condition.

(1) Option 1: Only PUCCH ftransmission may be per-
formed without transmitting the PUSCH;

(2) Option 2: the operation of the first UCI piggyback
method may be performed for each PUCCH and the
PUSCH;

When a plurality of UClIs corresponding to the plurality of
PUCCHs 1s piggybacked on one PUSCH using the second
UCI piggyback method described above, the plurality of
UCIs may be separately coded for each PUCCH, and then
piggybacked and transmitted on the same PUSCH. Thereby,
when UCI piggyback of a plurality of PUCCHs 1s performed
on one PUSCH and the DClIs indicating the plurality of
PUCCHs are different from each other, the BS may expect
a UCI payload size and configuration indicated for each
PUCCH, regardless of whether the DCI of the UE 1s missing
Or not.

Further, when a plurality of UCIs corresponding to a
plurality of PUCCHs 1s piggybacked on one PUSCH using
the second UCI piggyback method, the location of reserved
RE(s) for piggyback in the PUSCH may be configured
differently for each PUCCH (each slot (or TTI) index 1n
which the corresponding PUCCH 1s transmitted).

In addition, the location of the reserved RE(s) for each
PUCCH 1 the PUSCH may be configured differently
according to the transmission duration of the PUSCH (the
number of symbols allocated to the PUSCH). In this case,
the reserved RE(s) for different PUCCHs may be dlstln-
guished from each other 1 terms of time and frequency.
Only RE(s) corresponding to PUCCHSs having UCI to be
transmitted among the reserved RE(s) may be used for
actual UCI piggyback, and the other reserved RE(s) may not
be used for UCI piggyback.

FIG. 21 1s a diagram schematically illustrating a case
where one PUSCH slot overlaps four PUCCH slots accord-
ing to the present invention.

As a specific example, when four PUCCH slots overlap
one PUSCH slot as shown in FIG. 21, four reserved RE(s)
tor UCI piggyback may be defined according to the slot
indexes through which the PUCCHs are to be transmitted,
and the UE may perform UCI piggyback using the reserved
RE(s) corresponding to the slots in which PUCCHs are
actually transmitted.

As shown i1n FIG. 21, when PUCCHSs are transmitted 1n
slots # n and #(n+2), the UE may perform UCI piggyback 1n
the reserved REs corresponding to PUCCH slots # n and #
(n+2) 1n the PUSCH. In this case, RE(s) reserved for
PUCCH slots #(n+1) and #(n+3) may be used for UL data
(e.g., PUSCH) mapping/transmission.
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Herein, the plurality of PUCCHs may include a short

PUCCH and a long PUCCH.

The NR system to which the present invention 1s appli-
cable may support the following four cases for the PUCCH
(cell) and the PUSCH (cell). In the following description,
the numerology (or SC) and the transmission time nterval
(TT1) configured for the PUCCH transmission resource (or
cell or carrier) are denoted by SC, and TTI,, and the
numerology (or SC) and the TTI configured for PUSCH
transmission resource (or cell or carrier) are denoted by SC,
and TTI,, respectively.

Case 1: SC,=SC,, TTI,=TTI,

Case 2: SC,=SC,, TTI,=TTI,

Case 3: SC,=SC,, TTI,=TTI,

Case 4. SC,=5C,, TTI,=111,

The second UCI piggyback method described above may
be applied to all four cases. In other words, the second UCI
piggyback method described above may be applied regard-

less of the SC and T'T1 relationship between the PUCCH cell
and the PUSCH cell when the PUCCH resource overlaps the
PUSCH resource 1n the time domain or the PUCCH trans-
mission TTT (or slot) overlaps the PUSCH transmission TTI
(or slot) in the time domain.

FIGS. 22 and 23 are diagrams 1llustrating a case where a
plurality of PUCCHs overlaps a PUSCH according to an
embodiment of the present invention.

According to the embodiment, the numerology (SC=X,)
configured 1n the PUCCH transmission resource may be
greater than the numerology (SC=X,) configured in the
PUSCH transmission resource (1.e., X,>X, ), and the trans-
mission intervals of two or more long PUCCHSs may overlap
the transmission interval of a specific (single) PUSCH as
shown 1n FIGS. 22 and 23.

In this case, the UE may transmit only the PUCCHs
without performing PUSCH transmission (e.g., by dropping,
the PUSCH), or may immplement various UCI piggyback
methods proposed in the present invention (e.g., the first
UCI piggyback method) for each PUCCH and the PUSCH.
For example, as illustrated 1n FIG. 23, the UE may perform
UCI piggyback of UCI for each PUCCH in time 1ntervals

corresponding to PUCCH transmission intervals for each
PUCCH within the PUSCH.

FIGS. 24 and 25 are diagrams 1llustrating a case where a
plurality of PUCCHs overlaps a PUSCH according to
another embodiment of the present mnvention.

According to the embodiment, the numerology (SC=X,)
configured in the PUCCH transmission resource may be less
than the numerology (SC=X,) configured in the PUSCH
transmission resource (1.e., X,<X,), and the transmission
intervals of two or more short PUCCHs may overlap the
transmission mterval of a specific (single) PUSCH as shown
in FIGS. 24 and 25.

Even 1n this case, the UE may transmit only the PUCCHs
without performing PUSCH transmission (e.g., by dropping
the PUSCH), or may implement various UCI piggyback
methods (e.g., the first UCI piggyback method) proposed in
the present invention for each PUCCH and the PUSCH. For
example, as i1llustrated 1n FI1G. 25, the UE may perform UCI
piggyback of PUCCH 1 UCI in a time interval correspond-
ing to the PUCCH transmission interval in the PUSCH as a
PUCCH 1 transmission method, and may puncture a
PUSCH region and transmit PUCCH 2 1n a TDM scheme as
a PUCCH 2 transmission method.

The second UCI piggyback method described above may
be applied in combination with other proposed methods of
the present invention as long as they do not contlict with
cach other.

3.3. Thaird UCI Piggyback Method

In this section, 1t 1s assumed that there 1s a plurality of
PUCCHs overlapping (a part of) the time interval of a
specific PUSCH. In this case, the UE may transmit the UCI
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in the PUCCH through a PUSCH resource based on a UCI
piggyback operation described below.

In addition, the numerology configured in the PUCCH
transmission resource may be SC=X, and the numerology
configured 1n the PUSCH {transmission resource may be
SC=X, (where X,=X,). However, the UCI piggyback opera-

tion of the UE described 1n this section 1s not necessarily
limited to the aforementioned condition.

The UE may perform the UCI piggyback operation for the
PUCCH and the earliest (or latest) PUSCH among the
plurality of PUSCHs using various UCI piggyback methods
(e.g., the first UCI piggyback method) proposed by the
present invention.

The NR system to which the present invention 1s appli-
cable may support the following four cases for the PUCCH
(cell) and the PUSCH (cell). In the following description,
the numerology (or SC) and the transmission time interval
(T'T1) configured for the PUCCH transmission resource (or
cell or carner) are denoted by SC, and TTI,, and the
numerology (or SC) and the TTI configured for PUSCH
transmission resource (or cell or carrier) are denoted by SC,
and TTI,, respectively.

Case 1: SC,=SC,, TTI,=TTI,

Case 2: SC,=SC,, TTI=TTI,

Case 3: SC=5C,, T11,=111,

Case 4: SC=5C,, TTI =111,

The third UCI piggyback method described above may be
applied to all the four cases. In other words, the third UCI
piggyback method may be applied regardless of the SC and
TTI relationship between the PUCCH cell and the PUSCH
cell when the PUCCH resource overlaps the PUSCH
resource 1n the time domain or the PUCCH transmaission TTI
(or slot) overlaps the PUSCH transmission TTT (or slot) 1n
the time domain.

FIGS. 26 to 28 are diagrams 1illustrating a case where one
PUCCH overlaps a plurality of PUSCHs according to an
embodiment of the present invention.

According to the embodiment, the numerology (SC=X,)
configured in the PUCCH transmission resource may be less
than the numerology (SC=X,) configured in the PUSCH
transmission resource (1.e., X,<X,), and the transmission
interval of a single long PUCCH for transmitting HARQ-
ACK may overlap the transmission intervals of two or more
PUSCHs as shown 1n FIGS. 26 to 28. In this case, the UE
may piggyback and transmit the UCI 1n the PUCCH on one
of a plurality of PUSCHs whose transmission intervals
overlap the transmission interval of the PUCCH. For
example, the UE may perform UCI piggyback on the earliest
PUSCH among the plurality of PUSCHs as shown 1n FIG.
277 or perform UCI piggyback on the latest PUSCH among
the plurality of PUSCHSs as shown in FIG. 28.

The third UCI piggyback method described above may be
applied 1n combination with other proposed methods of the
present invention as long as they do not contlict with each
other.

3.4. Fourth UCI Piggyback Method
When the UE piggybacks the UCI for the PUCCH on the
PUSCH, the UE may UCI piggyback by applying rate
matching or puncturing on the PUSCH region according to
the relationship between the slot length (or TTI) for the
PUCCH and the slot length (or TTI) for the PUSCH as
follows.
(1) If Slot length (or T'T1) for PUCCHzslot length (or TTT)
for PUSCH,
the UE may perform UCI mapping after rate matching
applied to the PUSCH region, or may perform UCI
mapping according to rate-matching or puncturing that
1s configured (by the BS or the network).
(2) It Slot length (or TTI) for PUCCH<SIot length (or
TTI) for PUSCH,
the UE may pertorm UCI mapping after applying punc-
turing to the PUSCH region
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Here, the UCI may be HARQ-ACK and/or CSI.
As a specific example, it 1s assumed that the SC applied
to the PUCCH transmission resource (or carrier) 1s 15 kHz,

while the SC applied to the PUSCH transmission resource
(or carrier) 1s 30 kHz. In this case, the slot for PUCCH
transmission 1s shorter than the slot for PUSCH transmis-

sion. In this case, the PUCCH transmission timing and the
PUSCH transmission timing from the DCI for scheduling

the PUCCH/PUSCH may be expressed by the number of
slots. Thus, if there are a PUCCH and a PUSCH whose
resources overlap each other at the same time point 1n the
time domain, the time at which the UL grant for the PUSCH
1s 1ndicated may be much earlier than the time at which DL
assignment for the PUCCH 1s indicated.

Therefore, in preparing the PUSCH transmission by the
UE, 1t may be dithicult for the UE to reflect the UCI to be
transmitted on the PUCCH 1n the data encoding Process
within the PUSCH in advance. Therefore, 1n order to reduce
UE implementation complexity, in UCI-plggybackmg the
PUCCH on the PUSCH, the UE may perform UCI mapping
alter the puncturing operation rather than the rate-matching
operation (for PUSCH resource).

On the other hand, if the slot for PUCCH transmission 1s
longer than the slot for PUSCH transmission, there may be
a PUCCH and a PUSCH whose resources overlap each other
at the same time point 1n the time domain. In this case, the
time at which the UL grant for the PUSCH 1s indicated may

be much later than the time at which the DL assignment for
the PUCCH 1s indicated. Therefore, 1in this case, in UCI-

piggybacking the PUCCH on the PUSCH, the UE may
perform UCI mapping after the rate-matching operation (for
PUSCH resource).

The fourth UCI piggyback method described above may
be applied in combination with other proposed methods of
the present invention as long as they do not contlict with

cach other.
3.5. Fifth UCI Piggyback Method

When the UE piggybacks the UCI for the PUCCH on the
PUSCH, the UE may perform PUSCH selection from
among a plurality of PUSCHs whose transmission intervals
overlap the transmission interval of the PUCCH as follows.

(1) Sub-rule(s) for priorities may be defined as follows.

(A) Sub-rule #1: Priorities may be defined in terms of
subcarrier spacing (SCS)/TTI length as follows.

(A-1) A PUSCH having the same SCS/T'T1 length as the
PUCCH>a PUSCH having a larger SCS or a smaller TTI
length than the PUCCH (where a PUSCH having a smaller
difference in SCS/T'TT length from the PUCCH shall have a
higher priority)>a PUSCH having a smaller SCS or a larger
TTI length than the PUCCH (where a PUSCH having a
smaller difference 1n SCS/TTT length from the PUCCH shall
have a higher priority);

(A-2) a PUSCH having the same SCS/TTI length as the
PUCCH>a PUSCH having a smaller SCS or a larger TTI
length than the PUCCH (where a PUSCH having a smaller
difference in SCS/T'TT length from the PUCCH shall have a
higher priority)>a PUSCH having a larger SCS or a smaller
TTI length than the PUCCH (where a PUSCH having a
smaller difference 1n SCS/TTT length from the PUCCH shall
have a higher priority);

(A-3) a PUSCH having a larger SCS or a smaller TTI
length shall have a higher prionty; or

(A-4) a PUSCH having a smaller SCS or a larger TTI
length shall have a higher prionty.

(B) Sub-rule #2: Priorities may be defined in terms of
transmission start time as follows.

(B-1) A PUSCH having the same transmission start time
same as the PUCCH>a PUSCH having a transmission start
time later than that of the PUCCH (where a PUSCH having,
a smaller difference in transmission start time from the

PUCCH shall have a higher priority)>>a PUSCH having a
transmission start time earlier than that of the PUCCH
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(where a PUSCH having a smaller difference in transmission
start time from the PUCCH shall have a higher priority); or

(B-2) a PUSCH having a later transmission start time
shall have a higher priority

(C) Sub-rule #3: Priorities may be defined in terms of
DMRS density as follows.

A PUSCH having a higher DM-RS density>a PUSCH
having a lower DM-RS density.
(D) Sub-rule #4: Priorities may be defined 1in terms of
wavelorm as follows.

DFT-s-OFDM>CP-OFDM
(E) Sub-rule #5: Priorities may be defined 1n terms of CC
index (at which the PUSCH 1s transmitted) as follows.
Low CC mdex>High CC index
(F) Sub-rule #6: Priorities may be defined 1n terms of
transmission schemes as follows.
A MIMO PUSCH>a non-MIMO PUSCH
(G) Sub-rule #7: Prionities may be defined according to

presence or absence of aperiodic CSI report as follows.

A PUSCH with an aperiodic CSI report>>a PUSCH with-
out an aperiodic CSI report

(H) Sub-rule #8: Prionities may be defined 1n terms of
transmission duration (the number of symbols) as follows.

A PUSCH having a large transmission duration (number
of symbols)>a PUSCH having a small transmission
duration (number of symbols)

(I) Sub-rule #9: Priorities may be defined according to

whether or not a UL grant 1s involved as follows.

A PUSCH scheduled from the UL grant>a PUSCH trans-
mitted based on the SPS scheme without a correspond-
ing UL grant.

(2) Final rule about priorities

A PUSCH having the highest priority shall be selected by
sequentially applying a plurality of specific sub-rules(s)
among the sub-rule(s) described above.

For one example, the UE selects PUSCH(s) having the
highest priority from the perspective of Sub-rule # X (for the
entire PUSCH(s)).

Then, 11 one PUSCH 1s selected, the UE piggybacks the
UCI on the corresponding PUSCH and transmits the same.

Alternatively, 11 a plurality of PUSCHs 1s selected, the UE
may apply Sub-rule # Y only to the corresponding PUSCHs
as 1n the following step.

The UE selects PUSCH(s) having the highest priority
from the perspective of Sub-rule # Y (for the selected
PUSCH(s)).

If one PUSCH 1s selected, the UE piggybacks the UCI on
the PUSCH and transmits the same.

If a plurality of PUSCHs 1s selected, the UE may apply
Sub-rule # Z only to the corresponding PUSCHs as 1n
the following step.

Specifically, the UE may apply Sub-rule # Z by repeating
the method of selecting PUSCH(s) having the highest pri-
ority from the perspective of Sub-rule # Z (for the selected
PUSCH(s)).

More specifically, it 1s assumed that a plurality of PUSCH
(s) having a transmission interval overlapping that of a
PUCCH 1s transmitted on a plurality of carriers at the time
when the UE transmits the PUCCH 1n a carrier aggregation
(CA) environment. In this case, 1f the UE desires to p1ggy-
back the UCI of the PUCCH on a specific PUSCH, a rule
used for the UE to select the UCI piggyback target PUSCH
should be defined.

At this time, the NR system to which the present invention
1s applicable may support different settings of SCS, TTI
length, DM-RS density, wavelorm, etc. for each carrier (or
cach PUSCH) based on the ﬂexible transmission structure.

Therefore, according to the present invention, a priority
sub-rule may be determined 1n terms of each element, and
finally, the UE may perform UCI piggyback by selecting one
PUSCH by sequentially applying the plurality of sub-rules.
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FIG. 29 1s a diagram schematically illustrating a PUSCH
selection method according to an embodiment of the present
invention.

As shown i FIG. 29, according to an embodiment
applicable to the present invention, the UE may select
PUSCH(s) having the highest priority from among all
PUSCHs from the perspective of SCS/TTI length (e.g.,
Sub-rule #1). Then, if there 1s a plurality of selected

PUSCHs, the UE may select PUSCH(s) having the highest
priority from the perspective of transmission start time (e.g.,

Sub-rule #2). Then, if there 1s still a plurality of selected

PUSCH(s), the UE may select a PUSCH having the highest
priority from the perspective of the CC index (e.g., Sub-rule
#5). In this case, the UE may select the first PUSCH 1n CC

index #2 of FIG. 29 as a UCI piggyback target.
Additionally, when the UE piggybacks the UCI for the

PUCCH on the PUSCH, the priorities of a plurality of

PUCCHSs whose transmission intervals overlap the transmis-

sion interval of the PUCCH may be configured (from the
perspective ol UCI piggyback) follows.

1) As the UL grant to PUSCH timing becomes shorter, the
priority becomes higher.

2) Pavload size of a UCI piggyback target UCI 1s pro-
portional to priority.

The priority rules may be regarded as a sub-rule for
determining a final PUSCH selection rule 1n the fifth UCI
piggyback method described above.

Additionally, all TTI (or slot or SCS) combinations for
PUCCH and PUSCH may be configurable for a UE that
supports simultancous PUCCH/PUSCH transmission. In
this case, 1f PUCCH T'11 (or slot)<PUSCH TTI (or slot) (or
PUCCH SCS>PUSCH SCS), simultancous PUCCH/
PUSCH transmission may be set to “ON” for the UE
supporting simultancous PUCCH/PUSCH transmission. For
a UE that does not support simultanecous PUCCH/PUSCH
transmission, only a case where PUCCH TTI (or slot)
>=PUSCH TTI (or slot) (or PUCCH SCS<=PUSCH SCS)
may be configured.

Alternatively, a rule may be defined such that a UE
supporting a combination of PUCCH TTI (or slot)>PUSCH
TTI (or slot) (or PUCCH SCS<PUSCH SCS) 1s basically
configured to support simultanecous PUCCH/PUSCH trans-
mission (for example, the capability of simultaneous
PUCCH/PUSCH transmission may be a prerequisite).

In addition, the UCI piggyback target may be confined to
a PUCCH component carrier (CC) (1.e., a CC for transmit-
ting the PUCCH) or to CC(s) having the same subcarrier
spacing (SCC)/TTI as the PUCCH CC.

The fifth UCI piggyback method described above may be
applied 1n combination with other proposed methods of the
present 1nvention as long as they do not contlict with each

other.
3.6. Sixth UCI Piggyback Method

When the UE piggybacks the UCI for the PUCCH on the
PUSCH, a TTI applied to the PUCCH (heremnatter, PUCCH
TTI) and a TTI applied to the PUSCH (PUSCH TTI) may
have a relationship of PUCCH TTI<PUSCH TTI. In this
case, the UE may perform UCI piggyback for a plurality of
PUCCHs on a single PUSCH as follows.

For example, when there 1s a plurality of PUCCH TTIs
overlapping a specific (single) PUSCH TTI, the UE
may transmit the UCI of the PUCCHs transmitted in
the plurality of PUCCH TT1Is by piggybacking the UCI
on the PUSCH transmitted in the specific (single)
PUSCH TTIL

At this time, the BS may indicate, through a UL grant, one
or more of the following kinds of information about the
plurality of PUCCH TTIs subject to UCI piggyback on the
(corresponding) PUSCH to the UE.

(1) Whether PUCCH piggyback 1s to be performed for
cach PUCCH TTT:
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For example, the BS may indicate whether or not UCI
piggyback 1s to be performed for N PUCCH TTIs
through an N-bit bitmap 1n the UL grant.

(2) Whether (PUSCH data) rate matching for UCI trans-
mission 1s to be performed for each PUCCH T'T1T:

For example, in generating PUSCH data, the UE may
perform PUSCH data rate-matching considering only coded
UCIT bits corresponding to the PUCCH T'T1Is for which the
BS has indicated rate-matching through the UL grant.

For example, the UCI may be HARQ-ACK information.

Additionally, using an extension version of the above-

described method, the UE may perform UCI piggyback of a

plurality of PUCCHs (e.g., a long PUCCH and a short
PUCCH) 1n a single slot on a single PUSCH even 1n the case
of PUCCH TTI=PUSCH TTI.

FIG. 30 1s a diagram 1illustrating a case where PUSCH T'T1
and PUCCH TTI are different from each other according to
the present invention.

As shown 1n FIG. 30, when the PUSCH TTTI 1s four times
the PUCCH TTI, the resource ratio of PUCCH to PUSCH 1s
four to one 1n the same time interval. In consideration of this
resource ratio between the PUCCH and the PUSCH, the
number of PUCCH T'TIs that may be UCI-piggybacked on

a single PUSCH may be set to 4. Otherwise, the PUSCH
resource for performing UCI piggyback may be insutlicient
from the perspective of PUCCH.

In the case where the UE performs UCI piggyback for a
plurality of PUCCH TTIs on a single PUSCH and applies
rate-matching (for PUSCH data) for UCI piggyback trans-
mission as described above, the BS may indicate, through
UL grant to the UE, presence or absence of UCI for cach of
the plurality of PUCCH TTIs which may be subjected to
UCI piggyback 1in the PUSCH or whether or not (PUSCH
data) rate-matching for UCI transmission per PUCCH TTT1 1s
to be performed for the plurality of PUCCH TT1Is for which
there 1s a UCI for each of a plurality of PUCCH T'11s. Then,
when the PUSCH data 1s generated, the UE may perform
PUSCH data rate-matching, considering only the coded UCI
bits corresponding to the PUCCH TTTIs for which the BS has
indicated rate-matching through the UL grant. For example,
when PUCCH TTI<PUSCH TTI and UCI piggyback for a
plurality of PUCCHs 1s performed on a single PUSCH, the
UE may perform (PUSCH data) rate-matching for PARQ
ACK (in UCI piggyback). In this case, the BS may indicate,
through a UL grant, whether or not rate matching is to be
performed for each of a plurality of PUCCH TTlIs.

The sixth UCI piggyback method described above may be
applied 1n combination with other proposed methods of the
present invention as long as they do not contlict with each
other.

3.7. Seventh UCI Piggyback Method

When the UE piggybacks the UCI for the PUCCH on the
PUSCH, and a TTI applied to the PUCCH (herematter,
PUCCH TTI) and a TTI applied to the PUSCH (PUSCH
TTI) have a relationship of PUCCH TTI>PUSCH TTI, the
UE may perform UCI piggyback as follows.

UCI piggyback of UCI of a specific PUCCH may be
performed through all PUSCHs scheduled in a plurality
of PUSCH TTIs overlapping the PUCCH T'TT (1in which
transmission of the corresponding PUCCH 1s
expected).

Here, UCI piggyback on the plurality of PUSCHs may
refer to a method of performing UCI piggyback by
repeating the same UCI for a plurality of PUSCHs or by
distributing the UCI to a plurality of PUSCHs.

If the UE detects a UL grant for scheduling a PUSCH
during PUCCH encoding or transmission, the UE may
operate as follows.

(1) If the scheduling PUSCH does not overlap the
PUCCH 1n the time domain, the UE may transmit the
PUSCH and the PUCCH using a TDM scheme;
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(2) It the scheduling PUSCH overlaps the PUCCH 1n the
time domain, PUSCH transmission may be dropped.

Alternatively, the UE may not expect/assume scheduling
tor a PUSCH that overlaps the PUCCH 1n the time domain,
during PUCCH encoding or transmission.

As a specific example, as shown in FIG. 26, when a
specific (single) PUCCH overlaps a plurality of PUSCHs 1n
the time domain, the UE may piggvback the UCI for the
PUCCH on the earliest or latest PUSCH among the plurality
of PUSCHs as 1 the third UCI piggyback method described
above, or may perform UCI piggyback on all of the plurality
of PUSCHs using another method.

That 1s, the UE may piggyback the UCI of a specific
PUCCH on all multiple PUSCHs actually scheduled in
multiple PUSCH TTIs overlapping the PUCCH TTI (for
which transmission of the PUCCH 1s expected). At this time,
the UE may perform UCI piggyback by repeating the same
UCI on the plurality of PUSCHs or may perform UCI
piggyback of some coded bits of UCI on each PUSCH (in
the plurality of PUSCHs) such that the UCI 1s distributed to
the plurality of PUSCHs. If the UE has already transmitted
the PUCCH or has started encoding thereof, the UE may
1g110re or not expect scheduling for the PUSCH(s) overlap-
ping the PUCCH 1n the time domain.

The seventh UCI piggyback method described above may
be applied 1n combination with other proposed methods of
the present mvention as long as they do not contlict with

cach other.
3.8. Fighth UCI Piggyback Method

When a PUCCH resource on which the UE 1s instructed
to transmit HARQ-ACK (or CSI) 1n response to a specific
DL assignment (=DL scheduling DCI) (or PDSCH) partially
or Tully overlaps a PUSCH resource that 1s scheduled by UL
grant (=UL scheduling DCI) in the time domain, the UE may
perform UL transmission according to the temporal order of
reception of the DL assignment (or PDSCH) and the UL
grant as follows.

(1) If the DL assignment (or PDSCH) 1s earlier than the
UL grant or the DL assignment (or PDSCH) and the UL
grant are recerved at the same time (or slot),

the UE may omit PUCCH transmission and transmit the

UCI supposed to be transmitted on the PUCCH by
piggybacking the UCI on the PUSCH.

However, 1n the following cases, the UE may omit UCI

transmission and transmit only data:

the payload size of the data to be transmitted on the
PUSCH 1s less than the payload size of the UCI;

there are no (available) data transmission resource
clements (REs) in the PUSCH calculated on the
assumption of UCI piggyback or the number thereof
1s less than or equal to a certain value.

(2) If the DL assignment (or PDSCH) 1s later than the UL
grant,

the UE may omit PUSCH transmission and perform

PUCCH transmission.

Here, the UCI piggyback may refer to an operation of
transmitting UCI by utilizing some REs 1n the PUSCH.

The downlink control information (DCI) may refer to

control information that 1s dynamically indicated to the UE

by the BS.
More specifically, 11 the UE receives a DL assignment (or

PDSCH) prior to the UL grant, this may mean that the BS
has scheduled PUCCH transmission through the UL grant
even though 1t knows that the resource for the PUSCH to be
transmitted by the UE will collide with the resource of the
PUCCH (that has been scheduled first). In this case, the
preference for PUSCH transmission may be higher than for
PUCCH transmission.

Accordingly, 1 this case, the UE may omit PUCCH
transmission and perform PUSCH transmission by piggy-
backing, on the PUSCH, the UCI originally intended to be
transmitted on the PUCCH. However, 11 the UE desires to
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plggyback the UCI on the PUSCH but the payload of the
UCI 1s larger than the payload of data (e. 2., U UL-SCH) to be
transmitted on the PUSCH (or if all REs 1n the PUSCH are

allocated for UCI transmission), the UE may omit UCI

transmission and perform UL data transmission on the
PUSCH.

In the case opposite to the configuration above, namely, 11
the UE receives the UL grant before the DL assignment (or
PDSCH), this may mean that the BS has instructed PUCCH
transmission even though 1t knows that the resource for the
PUCCH to be transmitted by the UE will collide with the

resource of the PUSCH (that has been scheduled first). In

this case, the preference for PUCCH transmission may be
higher than for PUSCH transmission. Thus, the UE may
perform PUCCH transmission, omitting PUSCH transmis-

S101.

In addition, When a PUCCH resource on which the UE 1s
instructed to transmit HARQ-ACK (or CSI) 1n response to

a specific DL assignment (=DL scheduling DCI) (or
PDSCH) partially or fully overlaps the semi-persistent
scheduling (SPS) PUSCH (or UL grant-free PUSCH)
resource in the time domain, the UE may perform UL
transmission as follows.
(A) It DL assignment (or PDSCH) 1s earlier than T-T, or
the DL assignment (or PDSCH) reception time 1s at the same
time (or slot) as T-T|,
the UE may omit PUCCH transmission and transmit the
UCI supposed to be transmitted on the PUCCH by
piggybacking the UCI on the PUSCH.
However, 11 the following conditions are satisfied, the UE
may omit UCI transmission and transmit only data:
the payload size of the data to be transmitted on the
PUSCH 1s less than the payload size of the UCI;

there are no (available) data transmission resource
clements (REs) (in the PUSCH) calculated on the
assumption of UCI piggyback or the number thereof
1s less than or equal to a certain value.

(B) If the DL assignment (or PDSCH) 1s later than T-T,,

the UE may omit PUSCH transmission and perform
PUCCH transmission.

Here, T may denote a PUSCH transmission start time, and
T, may denote a time-domain offset value on which the BS
and the UE have pre-agreed or which 1s set for the UE by the
BS.

As an example applicable to the present invention, To
may be one of the following values.

1) a fixed value 1n units of slots (e.g., T,=4);

2) the transmission period of the SPS PUSCH (or UL
grant free PUSCH) or a value proportional to the transmis-
sion period; and

3) a value separately set for SPS PUSCH (or UL grant free
PUSCH)

In the configuration above, there 1s no UL grant corre-
sponding to the SPS PUSCH (or UL grant-free PUSCH),
and therefore the UE may not determine whether the UL
transmission preferred by the BS 1s PUSCH transmission or
PUCCH transmission based on the temporal order of the DL
assignment (or PDSCH) and the UL grant unlike the eighth
UCI piggyback method described above.

Therefore, 1n the case of the SPS PUSCH (UL grant-free
PUSCH), when the DL assignment (or PDSCH) 1s received
time T, before the PUSCH transmission start time, the UE
according to the present imnvention may omit PUCCH trans-
mission and transmit the UCI supposed to be transmitted on
the PUCCH by piggybacking the UCI on the PUSCH, on the
assumption that the BS prioritizes PUSCH transmission.

On the other hand, if a DL assignment (or PDSCH) 1s
recetved within the T, time interval before PUSCH trans-
mission, the UE may perform PUCCH transmission after
omitting PUSCH transmission on the assumption that the BS
prioritizes PUCCH transmission.
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Additionally, when a PUCCH resource (hereinafter,
PUCCH 1) on which the UE 1s instructed to transmit
HARQ-ACK (or CSI) 1n response to a specific DL assign-
ment (=DL scheduling DCI) (or PDSCH) partially or fully
overlaps a PUCCH resource (hereinaiter, PUCCH 2) for
(periodic/semi-persistent) CSI (or SR) transmission 1n the
time domain, the UE according to the present invention may
perform UL transmission as follows.

A) If the DL assignment (or PDSCH) 1s earlier than T ,-T,
or the DL assignment (or PDSCH) reception time 1s at the
same time (or slot) as T ,-T5,

the UE may omit PUCCH 2 transmission and transmit the
CSI (or SR) and the HARQ-ACK on PUCCH 1 (or the
PUCCH for HARQ-ACK transmission) by performing
UCI multiplexing thereon.

However, 11 the following conditions are satisfied, the UE

may omit CSI (or SR) transmission and transmit only
HARQ-ACK:

there are no (available) HARQ-ACK transmission
resource elements (REs) (1in the PUCCH) calculated
on the assumption of UCI multiplexing or the num-
ber thereot 1s less than or equal to a certain value.

B) If the DL assignment (or PDSCH) 1s later than T -1,

The UE may omit CSI (or SR) transmission and transmit

only HARQ-ACK on PUCCH 1.

Here, T , may denote a PUCCH 2 transmission start time,
and T, may denote a time-domain oflset value on which the
BS and the UE have pre-agreed or which 1s set for the UE
by the BS.

As an example applicable to the present invention, T,
may be one of the following values:

a fixed value 1n units of slots (e.g., T,=4);

the transmission period of PUCCH 2 or a value propor-

tional to the transmission period; and

a value separately set for PUCCH 2.

The PUCCH resource (PUCCH 1) for transmission of
HARQ-ACK may be PUCCH format 2/3/4.

In addition, 1n the NR system to which the present
invention 1s applicable, a UE operation performed in the
case where a PUCCH resource for HARQ-ACK transmis-
sion collides with a PUCCH resource for periodic/semi-
persistent CSI transmission may be defined similarly to the
case of SPS PUSCH. In this case, if the DL assignment (or
PDSCH) 1s later than T ,-T 5, the UE may assume that the BS
certainly has a high preference for HARQ-ACK transmis-
sion. On the other hand, 1f the DL assignment (or PDSCH)
1s earlier than T -1, or the DL assignment (or PDSCH)
reception time and T ,-T 5 are the same time (or slot), the UE
may determine that the BS has a high preference for CSI
transmission. In this case, the UE may transmit HARQ-ACK
and CSI together on the PUCCH resource for HARQ-ACK
transmission which 1s capable of supporting a more flexible
UCI payload size.

Additionally, when a PUCCH resource (hereinafter,
PUCCH 3) on which the UE 1s instructed to transmit
HARQ-ACK (or CSI) 1n response to a specific DL assign-
ment (=DL scheduling DCI) (or PDSCH) partially or fully
overlaps a PUCCH resource (hereinaiter, PUCCH 4) for
(periodic/semi-persistent) CSI (or SR) transmission in the
time domain, the UE according to the present invention may
perform UL transmission as follows.

<1> It T,-T, 1s earlier than the DL assignment (or
PDSCH) or T,--T, and the DL assignment (or PDSCH)
reception time are the same time (or slot),

the UE may omit PUCCH 4 transmission and transmit the

CSI (or SR) and the HARQ-ACK on PUCCH 3 (or the
PUCCH for HARQ-ACK transmission) by performing
UCI multiplexing thereon.

However, 11 the following condition 1s satisfied, the UE

may omit CSI (or SR) transmission and transmit only
HARQ-ACK:
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there are no (available) HARQ-ACK transmission
resource elements (REs) (in the PUCCH) calculated
on the assumption of UCI multiplexing or the num-
ber thereot 1s less than or equal to a certain value.
<2> It T.T, 1s later than the DL assignment (or
PDSCH), the UE may perform UL transmission according to
one of the following options.
<2-1> Opt. 1
the UE omits HARQ-ACK transmission and transmits
only CSI (or SR) on PUCCH 4.
<2-2> Opt. 2
If the UCI (UCI for PUCCH 4) 1s CSI, the UE omits CSI

transmission and transmits only HARQ-ACK on
PUCCH 3.

If the UCI (UCI for PUCCH 4) 1s SR, HARQ-ACK
transmission 1s omitted, and only SR 1s transmitted on
PUCCH 4.

<2-3> Opt. 3

If the UCI (UCI for PUCCH 4) 1s CSI, the UE omits
PUCCH 4 transmission and transmits the CSI (or SR)
and HARQ-ACK on PUCCH 3 (or a PUCCH f{or
HARQ-ACK transmission) by performing UCI multi-
plexing thereon. Here, the UE may utilize a resource 1n
a DL slot which 1s at or earlier than the DL assignment
reception time corresponding to PUCCH 3 as a
resource (hereinafter, CSI reference resource) that 1s
referenced for CSI calculation.

If the UCI (UCI for PUCCH 4) 1s SR, HARQ-ACK
transmission 1s omitted, and only SR 1s transmitted on
PUCCH 4.

In the description above, T, may denote a PUCCH 4
transmission start time, and T, may denote a time-domain
offset value on which the BS and the UE have pre-agreed or
which 1s set for the UE by the BS.

As an example applicable to the present invention, T,
may be one of the following values:

a fixed value 1n units of slots (e.g., T,=4);

the transmission period of PUCCH 4 or a value propor-
tional to the transmission period; and

a value separately set for PUCCH 4.

In the configuration above, the PUCCH resource
(PUCCH 3) for transmission of HARQ-ACK may be

PUCCH format 2/3/4.

In addition, 1 the NR system to which the present
invention 1s applicable, a UE operation performed in the
case where a PUCCH resource for HARQ-ACK transmis-
sion collides with a PUCCH resource for periodic/semi-
persistent CSI transmission may be defined similarly to the
case of SPS PUSCH.

In this case, if the DL assignment (or PDSCH) 1s earlier
than the DL assignment (or PDSCH) or T -T, and the DL
assignment (or PDSCH) reception time are the same time (or
slot), the UE may transmit the CSI and the HARQ-ACK
together, assuming that the BS priontizes HARQ-ACK
transmission over the CSI.

It T -T, 1s later than the DL assignment (or PDSC"{) the
UE may basically transmit HARQ-ACK, assuming that the
HARQ-ACK has a higher priority than the CSI. However,
the UE may omit CSI transmission because UE processing
time required for (updated) CSI transmission may be msui-
ficient. However, 1f PUCCH 4 carries SR and there 1s no DL
assignment corresponding to PUCCH 3 within at least the
time interval corresponding to t=T -1, and =1, the UE
may omit HARQ-ACK transmission and transmit only SR
on PUCCH 4, assuming that SR transmission has higher
priority.

Additionally, when a PUCCH resource (heremafter,
PUCCH 3) on which the UE 1s structed to transmit
HARQ-ACK for a semi-persistent scheduling (SPS)
PDSCH partially or fully overlaps a PUCCH resource
(hereinatter, PUCCH 6) for (periodic/semi-persistent) CSI
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(or SR) transmission 1 the time domain, the UE
perform UL transmission as follows.

<A> It T,-1,, 1s earlier than T -1, , or T,-1,, and
T,-T, , are the same time (or slot),

the UE may omit PUCCH 6 transmission and transmit the
CSI (or SR) and the HARQ-ACK on PUCCH 5 (or the

PUCCH for HARQ-ACK transmission) by performing

UCI multiplexing thereon.
However, 11 the following conditions are satisfied, the UE
may omit CSI (or SR) transmission and transmit only

HARQ-ACK:

there are no (available) HARQ-ACK transmission
resource elements (REs) (1in the PUCCH) calculated
on the assumption of UCI multiplexing or the num-

ber thereof 1s less than or equal to a certain value.

<B>If T,-1,, 1s later than 'T',-T ,,

the UE may perform UL transmission according to one of
the following options.

<B-1> Opt. 1

the UE omits HARQ-ACK transmission and transmits
only CSI (or SR) on PUCCH 6.

<B-2> Opt. 2

It the UCI (UCI for PUCCH 2) 1s CSI, the UE omits CSI

transmission and transmits only HARQ-ACK on

PUCCH 5.

It the UCI (UCI for PUCCH 6) 1s SR, the UE omits
HARQ-ACK transmission and transmits only SR to
PUCCH 6

<B-3> Opt. 3

If the UCI (UCI for PUCCH 6) 1s CSI, the UE omits
PUCCH 6 transmission and transmits CSI (or SR) and
HARQ-ACK on PUCCH 5 (or a PUCCH for HARQ-
ACK transmission) by performing UCI multiplexing
thereon. Here, the UE may utilize a resource 1n a DL
slot which 1s at or earlier than the time of T|-T, jas a
resource (hereinaiter, CSI reference resource) that 1s
referenced for CSI calculation.

If the UCI (UCI for PUCCH 6) 1s SR, the UE omits
HARQ-ACK transmission and transmits only SR on
PUCCH 6.

In the configuration above, the PUCCH resource
(PUCCH 5) for transmission of HARQ-ACK may be
PUCCH format 2/3/4.

In addition, T, and T, may denote transmission start times
of PUCCH 5 and PUCCH 6, respectively. T, , and T, , may
denote time-domain oflset values on which the BS and the
UE have pre-agreed or which are set for the UE by the BS.

As an example applicable to the present invention, T, , or
T, o may be set to one ot the tollowing values.

a fixed value 1n units of slots (e.g., T, , or T, ;=4);

the transmission period of PUCCH 5 (or PUCCH 6) or a
value proportional to the transmission period; and

a value separately set for PUCCH 5 (or PUCCH 6).

As a specific example, 1 two PUCCH resources for
different UCI types overlap in the time domain and both
correspond to periodic transmission or SPS transmission, the
UE may determine that the UCI of a PUCCH with a shorter
period has a higher priority and prioritize the corresponding,
UCI transmission.

Additionally, when a PUCCH resource on which the UE
1s 1structed to transmit HARQ-ACK for a semi-persistent
scheduling (SPS) PDSCH (or a (periodic/semi-persistent)
PUCCH resource configured for CSI transmission) partially
or Tully overlaps a semi-persistent scheduling (SPS) PUSCH
(or UL grant-free PUSCH) resource in the time domain, the
UE may perform UL transmission as follows.

1> It Tp,-Tpy o 18 earlier than T, -1, o, or Tp-Tp; 4
and T,,-T,; , are the same time (or slot),

the UE may omit PUCCH transmission and transmit the
UCI supposed to be transmitted on the PUCCH by
piggybacking the UCI on the PUSCH.
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However, 11 the following conditions are satisfied, the UE
may omit UCI transmission and transmit only data:
the payload size of the data to be transmitted on the
PUSCH 1s less than the payload size of the UCI;

there are no (available) data transmission resource
clements (REs) (in the PUSCH) calculated on the
assumption of UCI piggyback or the number thereot
1s less than or equal to a certain value.

2> It T -Tpy o 18 later than T, -T; .

the UE may omit PUSCH transmission and perform
PUCCH transmission.

Here, T,; and T,,; may denote transmission start times of
PUCCH and PUSCH, respectively. T,; , and T,; , may
denote time-domain offset values on which the BS and the
UE have pre-agreed or which are set for the UE by the BS.

As an example applicable to the present invention, T,; ,
or 1., o may be set to one of the following values.

a fixed value 1n units of slots (e.g., 1T, o or Ty =4);

the transmission period of the PUCCH (or PUSCH) or a
value proportional to the transmission period; and

a value separately set for the PUCCH (or PUSCH)

As a specific example, 1f the PUCCH and PUCCH
resources overlap 1n the time domain and both perform
periodic transmission or SPS transmission, the UE may
determine that UL transmission having a shorter period has
higher priority and prioritizes the corresponding UL trans-
miss1omn.

In summary of the configuration above, when a PUCCH
or PUSCH (hereinafter, CH 1) transmitted 1n a periodic (or
SPS) manner collides with a PUCCH or PUSCH (hereinai-
ter, CH 2) transmitted i a periodic (or SPS) manner
(different from that of CH 1), the UE according to the
present invention may transmit a channel having a shorter
transmission period.

Hereinatter, generalized configurations applicable to the
present invention will be described 1n detail below.

|Generalization: PUCCH-PUSCH]
When the resource of a PUCCH transmitted 1n response
according to specific DCI partially or fully overlaps the
resource of a PUSCH transmitted according to a UL grant in
the time domain, the UE may perform UL transmission as
follows.
A> It T,, -7 18 earlier than T,,,c 7, O T, and
T 5, <7 are the same time (or slot),
the UE may omit PUCCH transmission and transmit the
UCI supposed to be transmitted on the PUCCH by
piggybacking the UCI on the PUSCH.
However, 11 the following conditions are satisfied, the UE
may omit UCI transmission and transmit only data:
the payload size of the data to be transmitted on the
PUSCH 1s less than the payload size of the UCI;

there are no (available) data transmission resource
clements (REs) (in the PUSCH) calculated on the
assumption of UCI piggyback or the number thereof
1s less than or equal to a certain value.

B> T .-z 18 later than T ;¢ 77

the UE may omit PUSCH transmission and perform
PUCCH transmission.

Here, T,,,~~- may be a DCI (or PDSCH) reception time

corresponding to the PUCCH transmission.

In addition, T,,,.-,, may be a UL grant reception time
corresponding to the PUSCH transmission.

Additionally, when the resource of a PUCCH transmitted
in a periodic or semi-persistent scheduling (SPS) manner
partially or fully overlaps the resource of a PUSCH trans-
mitted according to the UL grant 1n the time domain, the UE
may perform UL transmission as follows.

[1] It T ez 18 earlier than T oy sz 15 OF Tproes, and
I'prscm1 are the same time (or slot),

the UE may omit PUCCH transmaission and transmit the
UCI supposed to be transmitted on the PUCCH by
piggybacking the UCI on the PUSCH.
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However, 11 the following conditions are satisfied, the U.
may omit UCI transmission and transmit only data:
the payload size of the data to be transmitted on the
PUSCH 1s less than the payload size of the UCI;

there are no (available) data transmission resource
clements (REs) (in the PUSCH) calculated on the
assumption of UCI piggyback or the number thereot
1s less than or equal to a certain value.

12] It Tprrecz 18 later than T g0z 1

the UE may perform UL transmission according to one of

the following options.
[2-1] Opt. 1: the UE omits PUSCH transmission and

performs PUCCH transmission.
[2-2] Opt. 2: the UE omits PUCCH transmission and

transmits the UCI supposed to be transmitted on the PUCCH
by piggybacking the UCI on the PUSCH.

[2-3] Opt. 3: the UE performs Opt. 1 or Opt. 2 depending
on the type of UCI to be transmitted on the PUCCH.

As a specific example, 1f the UCI 1s CSI, the UE performs
Opt. 2. Otherwise, the UE performs Opt. 1.
Here, 1,00, may be as tollows:
a pomnt i time (e.g., Tx-14,) earlier than the PUCCH
transmission start time (e.g., T,) by a certain time (e.g.,
Tyo)
Here, Ty, may be one of the following values.
a fixed value 1n units of slots (or OFDM symbols) (e.g.,
1y 0=4);
the transmission period of the PUCCH or a value propor-
tional to the transmission period; and
a value separately set for the PUCCH.
T'pescr1 may be a UL grant reception time corresponding
to the PUSCH transmission.
Additionally, when the resource of a PUCCH transmitted
in a periodic or semi-persistent scheduling (SPS) manner
partially or fully overlaps the resource of a PUSCH trans-
mitted 1 a periodic or semi-persistent scheduling (SPS)
manner in the time domain, the UE may perform UL
transmission as follows.
[A] IE T 5y 18 €arlier than Ty 6075, O Tppeegy -, and
T 57z, are the same time (or slot),
the UE may omit PUCCH transmission and transmit the
UCI supposed to be transmitted on the PUCCH by
piggybacking the UCI on the PUSCH.
However, 11 the following conditions are satisfied, the U.
may omit UCI transmission and transmit only data:
the payload size of the data to be transmitted on the
PUSCH 1s less than the payload size of the UCI;

there are no (available) data transmission resource
clements (REs) (in the PUSCH) calculated on the
assumption of UCI piggyback or the number thereot
1s less than or equal to a certain value.

[B] It Tprrecmo 18 later than T oy 6oz 5,

the UE may pertorm UL transmission according to one of
the following options.

[B-1] Opt. 1: the UE omits PUSCH transmission and

performs PUCCH transmission.

[B-2] Opt. 2: the UE omits PUCCH transmission and
transmit the UCI supposed to be transmitted on the PUCCH
by piggybacking the UCI on the PUSCH.

[B-3] Opt. 3: the UE performs Opt. 1 or Opt. 2 depending
on the type of UCI to be transmitted on the PUCCH.

As a specific example, 1t the UCI 1s CSI, the UE performs

Opt. 2. Otherwise, the UE performs Opt. 1.

Here, T 00z, may be as follows:

a point 1n time (e.g., Ty-T;) earlier than the PUCCH
transmission start time (e.g., T;) by a certain time (e.g.,
Ty0)-

As an example applicable to the present invention, T,

may be one of the following values.

a fixed value 1n units of slots (or OFDM symbols) (e.g.,
TF,D:4)5

(L]

(Ll

10

15

20

25

30

35

40

45

50

55

60

65

44

the transmission period of the PUCCH or a value propor-

tional to the transmission period; and

a value separately set for the PUCCH.

Here, 1 p/507» may be as tollows:

a point in time (e.g., T,-T,,) earlier than the PUCCH
transmission start time (e.g., T.) by a certain time (e.g.,
T,.0)

As an example applicable to the present invention, 1,
may be one of the following values.

a fixed value 1n units of slots (or OFDM symbols) (e.g.,

Tz,0:4)5

the transmission period of the PUCCH or a value propor-

tional to the transmission period; and

a value separately set for the PUCCH.

In one embodiment of the present mvention, T,z
T orrcce, and T o~ ~2» may be considered as times at which
the corresponding PUCCH transmission 1s triggered, and
Torrccms L prrscrs and T ., -, may be considered as times
at which corresponding PUSCH transmission 1s triggered,
respectively.

Here, i1 T, czr (OF Torrerzris 1 prrecer-) 18 later than or at
the same time as T,,, -, (O T, ;2715 L prrccem), this may
be interpreted as indicating PUSCH scheduling even if

presence of the PUCCH 1s known. Accordingly, the UE may
determine that the BS has a high preference for PUSCH
transmission, and thus may omit PUCCH transmission and
transmit the UCI supposed to be transmitted on the PUCCH
by piggybacking the UCI on the PUSCH.

In the opposite case, the UE may determine that the BS
has performed PUSCH scheduling without considering
PUCCH transmission, and thus may prioritize PUCCH

transmission over PUSCH transmission. In this case, when
the UE performs UCI piggyback on the PUSCH, the UE

processing time for UCI transmission may not be guaran-
teed. Therefore, the UE may transmit only the UCI on the

PUCCH, omitting PUSCH transmission.
| Generalization: PUCCH-PUCCH]
Additionally, when the resource of a PUCCH (PUCCH A)

(for transmission of UCI A) partially or fully overlaps the

resource ol a PUCCH (PUCCH B) (for UCI B transmission)

transmitted 1n a periodic or semi-persistent scheduling (SPS)
manner in the time domain, the UE may perform UL
transmission as follows.

1] If T~ 1s earlier than T., or T~ and T are the same time

(or slot),
the UE may omit PUCCH transmission and transmit UCI

A and UCI B on PUCCH A (or a PUCCH for UCI A
transmission) by performing UCI multiplexing thereon.
However, if the following condition 1s satisfied, the UE
may transmit UCI A only, omitting UCI B transmaission.
there are no (available) UCI A transmission resource
clements (REs) (in the PUCCH) calculated on the
assumption of UCI multiplexing or the number thereof
1s less than or equal to a certain value.
2] If T 1s later than T,
the UE may perform UL transmission according to one of
the following options.
2-1] Opt. 1
The UE omits UCI A transmission and transmits only UCI
B on PUCCH B.
2-2] Opt. 2
The UE omaits UCI B transmission and transmuits only UCI
A on PUCCH A.
2-3] Opt. 3
The UE transmits UCI A and UCI B on PUCCH A (or a
PUCCH {for UCI A transmission) by performing UCI mul-
tiplexing thereon.
2-4] Opt. 4
The UE performs Opt. 1 or Opt. 2 depending on the
priorities of UCI A and UCI B. For example, if the
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priority relationship of UCI A>UCI B 1s established,
the UE performs Opt. 2. Otherwise, the UE performs
Opt. 1.

2-5] Opt. 5

The UE pertorms Opt. 1 or Opt. 3 depending on the types
of UCI A and UCI B. For example, when UCI A 1s
HARQ-ACK, the UE may perform Opt. 1 11 UCI B 1s
SR and may perform Opt. 3 1f UCI B 1s CSI.

In the configurations above, the UE may utilize a resource

in a DL slot which 1s at or earlier than the time of T, as a
resource (hereinaiter, CSI reference resource) that 1s refer-
enced for CSI calculation.

Here, T, may be a DCI (or PDSCH) reception time

corresponding to transmission of PUCCH A.

In the present mnvention, T~ may be as follows:

a point i time (€.2., Tprccrm 1 poccmso) €arlier than the
PUCCH B transmission start time (€.g2., T ,;;~~z5) by a
certain time (e.2., 1rpccmzo)-

Here, T ,;,-~z5 o may be one of the following values:

a fixed value in units of slots (or OFDM symbols) (e.g.,

TPUCCH,_B,D_:4)5 _
the transmission period of PUCCH B or a value propor-

tional to the transmission period; and

a value separately set for PUCCH B.

Additionally, when the resource of a PUCCH (PUCCH C)
(for transmission of UCI C) transmitted 1 a periodic or
semi-persistent scheduling (SPS) manner partially or fully
overlaps the resource of a PUCCH (PUCCH D) (for UCI D
transmission) transmitted in a periodic or semi-persistent
scheduling (SPS) manner in the time domain, the UE may
perform UL transmission as follows.

AT T, 1s earlier than T, or T, and T ; are the same time
(or slot),

the UE may omit transmission of PUCCH D and transmat

UCI C and UCI D on PUCCH C (or a PUCCH for UCI
C transmission) by performing UCI multiplexing
thereon.

However, 11 the following condition 1s satisfied, the U.
may transmit UCI C only, omitting UCI D transmission.

there are no (available) UCI C transmission resource

clements (REs) (in the PUCCH) calculated on the
assumption of UCI multiplexing or the number thereof
1s less than or equal to a certain value.

B] If T, 1s later than T,

the UE may perform UL transmission according to one of

the following options.
B-1] Opt. 1
The UE omits UCI C transmission and transmits only UCI
D on PUCCH D.

B-2] Opt. 2

The UE omits UCI D transmission and transmits only
UCI C on PUCCH C

B-3] Opt. 3

The UE transmits UCI C and UCI D on PUCCH C (or a
PUCCH for UCI C transmission) by performing UCI
multiplexing thereon.
B-4] Opt. 4
The UE performs Opt. 1 or Opt. 2 depending on the
prioritics of UCI C and UCI D. For example, 1f the
priority relationship of UCI C>UCI D 1s established,
the UE performs Opt. 2. Otherwise, the UE performs
Opt. 1.

B-5] Opt. 5

The UE performs Opt. 1 or Opt. 3 depending on the types
of UCI C and UCI D. For example, when UCI C 1s
HARQ-ACK, the UE may perform Opt. 1 11 UCI D 1s
SR and may perform Opt. 3 1if UCI D 1s CSI.

In the configurations above, the UE may utilize a resource
in a DL slot which 1s at or earlier than the time of T as a
resource (hereinafter, CSI reference resource) that 1s refer-
enced for CSI calculation.
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Here, T may be as follows:

a pointintime (€.2., 1 ccme-1 poccmeo) €arlier than the
PUCCH C transmission start time (e.2., T ,;,~~z~) by a
certain time (e.g., 1pccmeo):

For example, 1,;cczc o may be one of the following

values.

a fixed value 1n units of slots (or OFDM symbols) (e.g.,
TPUCCHC,D:4)5

P the transmission period of PUCCH C or a value
proportional to the transmission period; and

a value separately set for PUCCH C.

Here, T,, may be as follows:

a point m time (e.g., 1ppccun-1puccapo) €arlier than
the PUCCH D transmission start time (€.2., T 5, cczm)
by a certain time (e.g., Trrccmpo)-

For example, Tz ccmpn o may be one of the following

values:

a fixed value in units of slots (or OFDM symbols) (e.g.,
TPUCCHD,D:4)5

the transmission period of PUCCH D or a value propor-
tional to the transmission period; and

a value separately set for PUCCH D.

In addition, the UE may determine HARQ-ACK ftrans-
mission REs based on puncturing on the PUSCH 1n order for
the UE to perform UCI piggyback of HARQ-ACK and CSI
on the PUSCH. At this time, 1n order to prevent HARQ-
ACK 1from puncturing the CSI transmission resource,
reserved REs may be configured, and the UE may not
perform CSI mapping 1n the reserved REs (in this case,
HARQ-ACK 1s transmitted 1n the reserved REs).

Here, a reference HARQ-ACK payload size for calculat-
ing the reserved REs may vary depending on RRC connec-
tion setup (or semi-static/dynamic codebook configuration
tfor HARQ-ACK).

For example, a UE prior to RRC connection setup (or a
semi-static/dynamic codebook configuration for HARQ-
ACK) may calculate the number of reserved REs on the
assumption of X, bits of HARQ-ACK. After RRC connec-
tion setup (or semi-static/dynamic codebook configuration
for HARQ-ACK), the UE may calculate the number of
reserved REs on the assumption of X, (=#X,) bits of HARQ-
ACK. As a specific example, X,=1 and X,=2.

According to the operation as described above, a maxi-
mum of X, bits 1s expected as the HARQ-ACK payload size
betore RRC connection setup (or semi-static/dynamic code-
book configuration for HARQ-ACK), while a maximum of
X, bits 1s expected as the HARQ-ACK payload size after
RRC connection setup (or semi-static/dynamic codebook
configuration for HARQ-ACK). Therefore, an unnecessarily
large number of reserved REs may not be generated.

The eighth UCI piggyback method described above may
be applied in combination with other proposed methods of
the present invention as long as they do not conflict with

cach other.
3.9. Ninth UCI Piggyback Method

When a PUCCH resource (hereinatter, A/N PUCCH) for
transmission of HARQ-ACK to be transmitted by the UE
partially or fully overlaps a (UL grant-based) (UCI piggy-
back target) PUSCH resource in the time domain, the UE
may perform transmission by determining whether or not
UCI piggyback 1s to be performed as follows.

(1) Opt. 1

(1-1) If the UL grant 1s indicated after T ,,.~1, (or at the
corresponding time) (heremafter referred to as Condition 1),

the UE transmits HARQ-ACK and UL-SCH on the

PUSCH by UCI-piggybacking HARQ-ACK.

(1-2) If the UL grant 1s indicated betore T ,,,~T, (or at the
corresponding time):

Opt. 1-1: the UE omits PUSCH transmission and trans-

mits HARQ-ACK on the A/N PUCCH;

Opt. 1-2: the UE omits PUSCH transmission correspond-

ing to the UL grant.
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At this time, 1f there 1s a PUSCH that satisfies Condi-
tion 1, the UE may transmit the HARQ-ACK and the
UL-SCH together on the corresponding PUSCH by
UCI-piggybacking the HARQ-ACK.

If there 1s no PUSCH satistying Condition 1, the UE
may omit PUSCH transmission and transmit the

HARQ-ACK on the A/N PUCCH.

(2) Opt. 2

(2-1) If the UL grant 1s indicated after (or at the same time
as) reception of (all) DL assignments (or PDSCHSs) corre-
sponding to the PUCCH (hereinafter referred to as Condi-
tion 2):

the UE transmits HARQ-ACK and UL-SCH on the
PUSCH by UCI-piggybacking the HARQ-ACK.

(2-2) If the UL grant 1s indicated at a time before reception
of (at least one) DL assignment (or PDSCH) corresponding
to the PUCCH:

Opt. 2-1: the UE omits PUSCH transmission and trans-

mits HARQ-ACK on the A/N PUCCH;

Opt. 2-2: the UE omits PUSCH transmission correspond-
ing to the UL grant.

At this time, 1f there 1s a PUSCH that satisfies Condi-
tion 1, the UE may transmit the A/N and UL-SCH on
the correspondmg PUSCH by UCI-piggybacking the

HARQ-ACK.

If there 1s no PUSCH satistying Condition 1, the UE
may omit PUSCH transmission and transmit the

HARQ-ACK on the A/N PUCCH.

Here, T ,,,,may denote an A/N PUCCH transmission time,
and T, may correspond to one of the following:

(minimum) PDSCH-to-HARQ-ACK timing set for the
UE;

PDSCH-to-HARQ-ACK timing for a PDSCH (for
HARQ-ACK transmission) received by the UE for the
last time; and

(minimum) PDSCH-to-HARQ-ACK timing (or UE pro-
cessing time) according to UE capability.

Alternatively, T ,,,-1, may be a starting point of HARQ-
ACK encoding.

Here, the PDSCH-to-HARQ-ACK timing may refer to a
duration from the PDSCH end time to the HARQ-ACK
transmission time.

However, UCI piggyback may always be exceptionally
applied to the semi-persistent scheduling (SPS) PUSCH or
the PUSCH scheduled through fallback DCI (because the
total DAI value in the DL DCI 1s referenced 1n determinming,
the HARQ-ACK payload size).

In the NR system according to an embodiment of the
present invention, the PDSCH-to-HARQ-ACK timing and
the UL grant-to-PUSCH timing may be variably set. Accord-
ingly, the DL assignment indicating HARQ-ACK transmis-
sion on a PUCCH overlapping the PUSCH resource in the
time domain may be received aiter the UL grant for sched-
uling the PUSCH resource 1s received.

However, 1n the case where HARQ-ACK 1s transmitted
on the PUSCH, 1t may be necessary to indicate the payload
size ol the PARQ -ACK to be UCI-piggybacked on the
PUSCH using a spec1ﬁc indicator (e.g., UL DAI) 1n the UL
grant such that there 1s no different understanding of the
HARQ-ACK payload size between the BS and the UE.
Theretfore, the UE may expect that DL assignments trans-
mitted after the UL grant will not indicate HARQ-ACK
transmission on the PUSCH scheduled with the UL grant. In
addition, 1 the PUCCH partially overlaps the PUCCH
resources for HARQ-ACK transmission in the time domain,

the UE may expect that all the DL assignments indicating
HARQ-ACK transmission on the PUCCH will precede the

UL grant. This 1s because, 11 the BS schedules the PUSCH,
he BS may know presence of (previous) DL assignments

t]
that trigger HARQ-ACK transmission. In other words, when
¥

{

he BS schedules the PUSCH as 1n the case described above,
he UE may assume (or consider) that the BS intended for

10

15

20

25

30

35

40

45

50

55

60

65

48

HARQ-ACK to be transmitted on the PUSCH. Theretore, 1t
the UE 1s likely to fail to UCI-piggyback the PARQ-ACK
on the PUSCH, the BS should not transmit the correspond-
ing UL grant.

Accordingly, when a PUCCH resource (hereinaiter, A/N
PUCCH) for transmission of HARQ-ACK to be transmitted
by the UE partially or fully overlaps a (UL grant-based)
PUSCH resource 1n the time domain, the UE according to
the present invention may operate as follows.

If the UL grant 1s indicated after (or at the same time as)
reception of (all) DL assignments (or PDSCHs) corre-
sponding to the PUCCH, the UE transmits HARQ-
ACK on the PUSCH by UCI-piggybacking the HARQ-
ACK.

Otherwise, the UE may transmit the PUCCH, determining,
that there 1s an indication error (e.g., error) of the BS or
omitting PUSCH transmission.

At this time, for the PUSCH scheduled through the
non-fallback DCI, whether or not to perform UCI piggyback
may be determined according to the relative relationship
between the PUSCH and the (HARQ-ACK transmission)
PUCCH 1n terms of starting symbol, PUCCH duration, and
UL/DL grant timing. However, for the SPS PUSCH or the
PUSCH scheduled through the fallback DCI, 1t may be
determined (or configured) that UCI p1 ggyback 1s always
performed regardless of the above relationship.

The ninth UCI piggyback method described above may be
applied 1n combination with other proposed methods of the
present invention as long as they do not contlict with each
other.

3.10. Tenth UCI Piggyback Method

When a PUCCH resource (hereinaiter, CSI PUCCH) for
transmission of CSI to be transmitted by the UE fully or
partially overlaps a PUSCH resource 1n the time domain, the
UE may determine a CSI reference resource for CSI calcu-
lation as follows:

the (time-domain) CSI reference resource for the CSI 1s
the earliest (valid) DL slot that 1s present at the time
betore T,; o1, (Or the corresponding time) and
present at the time before I'.g,-1 -, (or the correspond-
ing time).

Here, T, <~z may denote a PUSCH transmission time,

and T, may be one of the following.

(1) For a UL grant-based PUSCH:

Opt. 1: UL grant-to-PUSCH timing indicated to the UE;

Opt. 2: (mimmum) UL grant-to-PUSCH timing set for the
UE;:

Opt. 3: (mimmum) UL grant-to-PUSCH timing according
to UE capability (or implementation).

(2) For a semi-persistent scheduling (SPS) PUSCH:

Opt. 1: a value on which the UE and the BS have
pre-agreed;

Opt. 2: a value set by the BS through a higher layer signal;

Opt. 3: the period of the SPS PUSCH or a value propor-
tional to the period;

Opt. 4: options applied to the UL grant-based PUSCH;

Opt. 5: UL grant-to-PUSCH timing 1indicated through SPS
activation DCI.

Here, T ., may denote a CSI PUCCH transmission time,
and TCQI may be a value on which the BS and the UE have
pre-agreed or which is set for the UE by the BS.

In addition, the CSI reference resource may refer to a time
resource that 1s referenced tor CSI calculation, and the
(valid) DL slot may refer to a slot configured as a DL slot,
and/or a slot that 1s not included in a measurement gap
and/or a slot that 1s included 1n the same DL bandwidth part
(BWP) as the DL BWP 1n which CSI reporting 1s performed.

The UL grant-to-PUSCH timing may refer to a duration
from the UL grant to the PUSCH transmission time.

Specifically, it CSI PUCCH and PUSCH resources over-
lap each other 1n the time domain and the time taken for CSI
calculation does not limit the UE processing time {for
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PUSCH transmission, CSI may be UCI-piggybacked and
transmitted on the PUSCH. That 1s, the UE may always
UCI-piggyback and transmit the CSI on the PUSCH, and

adjust the CSI reference resource, which is a reference for
CSI calculation, such that the CSI reference resource 1s
present before the minimum UL timing for PUSCH trans-
mission.

For example, suppose that the CSI reference resource
given when CSI-only transmission 1s assumed 1s later than
the PUSCH encoding start time. In this case, if the UE
performs PUCCH encoding after CSI calculation (consid-
ering rate-matching for the CSI), encoding may be per-
formed later than when PUSCH encoding 1s performed
without the CSI. Therefore, 1n this case, the UE processing
time up to the PUSCH transmission time may not be
guaranteed.

In order to address this 1ssue, the present invention
proposes that, when CSI PUCCH and PUSCH resources

overlap each other in the time domain, the UE always
UCI-piggyback and transmit the CSI on the PUSCH and the
CSI reference resource be changed to be earlier than the
(minimum) UL grant-to-PUSCH timing with respect to the
PUSCH.

Specifically, in the NR system applicable to the present
invention, the CSI reference resource may be defined as
follows.

|[CSI Reference Resource Definition]

The CSI reference resource for a serving cell 1s defined as
follows:

In the frequency domain, the CSI reference resource 1s
defined by the group of downlink physical resource
blocks corresponding to the band to which the derived
CQI value relates.

In the time domain, for a UE configured with a single CSI
resource set for the serving cell, the CSI reference
resource 1s defined by a single downlink slot n- Neor e
where for perlodlc and semi-persistent CSI reporting,

Neor ror18 the smallest value greater than or equal to
g , such that 1t corresponds to a valid downlink

Slot
where for aperiodic CSI reporting, 1t the UE 1s 1ndi-

cated by the DCI to report CSI in the same slot as the

CSI request, n.o; ,.r 18 such that the reference

resource 1s in the same valid downlink slot as the

corresponding CSI request, otherwise neo; .15 the
smallest value greater than or equal to [TBD], such
that slot n-n.,, .- corresponds to a valid downlink
slot.

Here, n.p; ,.rmay be setto be greater than the (minimum)
UL grant- to PUSCH timing such that CSI calculation of the
UE does not aflect the UE processing time for PUSCH
encoding.

In addition, 1n the configuration above, n may denote a
slot 1n which the CSI 1s transmitted.

The tenth UCI piggyback method described above may be
applied 1n combination with other proposed methods of the
present invention as long as they do not conflict with each

other.

3.11. Eleventh UCI Piggyback Method
The UE may perform UCI-piggyback based on punctur-

ing on the PUSCH for HARQ-ACK whose size 1s less than
or equal to X (e.g., X=2) bits, and perform UL transmission
based on rate-matching for the PUSCH for HARQ-ACK
whose size 1s greater than X bits. In this case, 1n order to
determine the location/number of reserved HARQ-ACK
REs to which CSI part 1 1s not mapped, the UE may assume
the HARQ-ACK pavyload size of Y bits according to cases as
follows.

(1) Y=0:

when the PUSCH (which 1s a UCI piggyback target) 1s

scheduled with fallback DCI;
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when the PUSCH (which 1s a UCI piggyback target) 1s an
SPS PUSCH;

when the semi-static HARQ-ACK codebook 1s config-
ured.

(2) Y=I:

when 1t 1s before RRC connection.

(3) Y=2:

when a dynamic HARQ-ACK codebook 1s configured.

Alternatively, 11 there 1s a total DAI (1in the DL assign-
ment) or a UL DAI (1n the UL grant) and thus there 1s no
mismatch i the HARQ-ACK payload size between the UE
and the BS, the UE may determine the locations/number of
(reserved) HARQ-ACK REs by mterpreting Y as a value
indicated by the total DAI or the UL DAI. However, if the
total DAI (1n the DL assignment) or the UL DAI (1n the UL
grant) 1s not present, the UE may determine the locations/
number of (reserved) HARQ-ACK REs, assuming that Y 1s
a specific value.

Here, the number of (reserved) HARQ-ACK REs may be

determined based on the value ot Y and the beta-ofiset value.

More specifically, in the NR system according to an
embodiment of the present invention, when the HARQ-
ACK can be transmitted based on puncturing on the
PUSCH, the positions of REs 1n which HARQ-ACK trans-

mission 15 expected may be reserved first and CSI (e.g., CSI
part 1) may not be RE-mapped to the reserved REs i order
to prevent the HARQ-ACK from puncturing the REs for CSI

(e.g., CSI part 1) transmission.

In determining the locations/number of (reserved)
HARQ-ACK REs, when X=2, the UE may always assume

that the HARQ- ACK payload s1ze 1s 2 bits. However, the

operation of always assuming that the size 1s 2 bits as
described above may be meaningful only when there 1s a
possibility of mismatch in the HARQ-ACK payload size
between the BS and the UE. Therefore, if there 1s a total DAI
(1n the DL assignment) or a UL DAI (total DAI 1n the UL
grant), the UE may calculate the locations/number of (re-

served) HARQ-ACKs based on the HARQ-ACK payload
s1ze according to the value of the total DAL Otherwise, the

UE may calculate the locations/number of (reserved)
HARQ-ACKSs, assuming that the HARQ-ACK payload size

1s 2 bits.

Additionally, the HARQ-ACK payload size of Y bits that
the UE will assume to determine the locations/number of
(reserved) HARQ-ACK REs to which CSI part 1 1s not

mapped may be determined as follows.

1) When the semi-static HARQ-ACK codebook has been

configured or RRC connection setup has not been obtained
yet:

11 the maximum HARQ-ACK payload size 1s less than or
equal to 2 bits, Y=the maximum HARQ-ACK payload
s1ze; and

11 the maximum HARQ-ACK payload size 1s greater than
2 bits, Y=0.

2) When a dynamic HARQ-ACK codebook 1s configured:

2-1) for a PUSCH having a UL DAI (in the UL grant),

Y=0 11 the HARQ-ACK payload size indicated by the UL
DAI 1s greater than 2 bits;

Y 1s the HARQ-ACK payvload size indicated by the UL
DAI if the HARQ-ACK payload size indicated by the

UL DAI 1s less than or equal to 2 bats;

2-2) for a PUSCH having no UL DAI (in the UL grant) but
having a total DAI received (in the DL DCI),

Y=0 1t the HARQ-ACK payload size indicated by the
total DAI 1s greater than 2 baits;

Y=the HARQ-ACK payload size indicated by the total
DATI if the HARQ-ACK payload size indicated by the
total DAI 1s less than or equal to 2 bits;
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2-3) for a PUSCH having no UL DAI (in the UL grant)
and having no total DAI recerved (in the DL DCI),

Y=2.

Alternatively, as another method, the HARQ-ACK pay-
load size of Y bits may be determined as follows.

<1> When the semi-static HARQ-ACK codebook has
been configured or RRC connection setup has not been

obtained yet:

if the maximum HARQ-ACK payload size is less than or
equal to 2 bits, Y=the maximum HARQ-ACK payload

size; and
if the maximum HARQ-ACK payload size 1s greater than
2 bits, Y=0.

<2> When a dynamic HARQ-ACK codebook 1s config-
ured.,

Y=2.

Additionally, when the semi-static HARQ-ACK code-
book 1s configured, and the DAI indicated by the UL grant
indicates one of “O or 1 or 2 HARQ-ACK bits” or “Maxi-
mum configured HARQ-ACK payload size”, Y may be set
to 2 11 “O or 1 or 2 HARQ-ACK bits” 1s indicated, whereas
Y may be set to 0 1t the “Maximum configured HARQ-ACK
payload size” 1s indicated.

The eleventh UCI piggyback method described above
may be applied 1n combination with other proposed methods
ol the present invention as long as they do not conflict with
cach other.

3.12. Twellth UCI Piggyback Method

When the BS can set an upper limit of the number of REs
to which UCI mapping 1s possible to the number of REs
obtained by multiplying the maximum number of REs to
which UCI mapping 1s possible for the UCI piggyback
operation of the UE by a scaling factor ¢, the initial value
of o may be set to 1.
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Here, the UCI type to which the upper limit of the number
of REs to which UCI mapping 1s possible 1s applied may
depend on presence or absence ol the UL-SCH 1in the

PUSCH.

In addition, the value of a may be set for the UE by the
BS through a higher layer signal (e.g., RRC signaling).

Specifically, when the UE calculates the number of REs
for UCI transmission in the PUSCH in the NR system
according to an embodiment of the present invention, the
upper limit of the number of UCI mapping REs may be set
to the number of REs obtained by multiplying the maximum
number of UCI mapping REs i the PUSCH by a scaling
factor . 1 order to prevent the UCI payload size from
becoming excessively larger than the payload size of the
data to cause all REs 1n the PUSCH to be allocated to the
UCI. In this regard, since the UCI payload size i1s rarely
larger than the payload size of the data before the UE
receives the RRC configuration, the initial value of a may be
set to 1.

The twelfth UCI piggyback method described above may
be applied 1n combination with other proposed methods of
the present imnvention as long as they do not contlict with
cach other.

3.13. Thirteenth UCI Piggyback Method

When the UE transmits only the UCI on the PUSCH
without the UL-SCH, the UE may calculate the number of
coded modulation symbols (or the number of UCI mapping
REs) for HARQ-ACK, CSI part 1, and CSI part 2 as
disclosed below. In this case, Q' -z, Q'cs7 1, and Q' s, , may
denote the numbers of coded modulation symbols (or the
numbers of UCI mapping REs) for HARQ-ACK, CSI part 1,
and CSI part 2, respectively.

(1) Opt. 1
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-continued

T PUSCH T

Nsymb all -1 e
CSI,1 @
Pofser *(Ocsin + Lesi) Z Mg (D (ypPuscH_|
svinb all
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Here, O, and O, ; may denote the UCI payload sizes
of HARQ-ACK and CSI part 1, respectively.

In addition, O g > 718 a reference UCI payload size tfor
CSI part 2, and may be calculated 1n a manner predeter-
mined between the BS and the UE regardless of actual
transmission of CSI part 2. For example, O ;> gz may be
a minimum UCI payload size, a maximum UCI payload
s1ze, a median or an average for CSI part 2.

L ez Lesr, and Lg , may denote the CRC bits(s) tfor
HARQ-ACK, CSI part 1 and CSI part 2, respectively.

In addition, {4, ACKF‘ Bﬂﬁﬁfﬂ’l, and Bﬂﬁefs‘u may be
beta-oflset values for offset HARQ-ACK, CSI part 1, and
CSI part 2, respectively.

Also, a, which 1s set by the BS through a higher layer
51g11al may denote a scaling factor between 0 and 1.

(1) may denote the number of UCI mapping REs
n Symbel index 1, N, bﬂﬂzf ¢ may denote the total
number of (OFDM) symbels in the PUSCH, and 1, may
denote the symbol index of the earliest non-DM-RS
(OFDM) symbol after the first DM-RS (OFDM) symbol(s)
in a slot.

Specifically, the number of UCI REs 1n a PUSCH with a
UL-SCH may be determined by the ratio between the UCI
payload s1ze (scaled by the beta-oilset) and the data payload
size. On the other hand, for the PUSCH without a UL-SCH,
there 1s no data payload size, and therefore a CSI payload
s1ze may be considered as a reference value to replace the
data payvload size. In this case, since the CSI includes CSI
part 1 and CSI part 2, the number of UCI REs 1n the PUSCH
with the UL-SCH may be determined according to Opt. 1 or
Opt. 2 of the thirteenth UCI piggyback method.

In Opt. 1, the CSI paylead size 1s calculated as the sum of
the CSI part 1 payload s1ze (scaled by beta-ofiset) and the
CSI part 2 payload size (scaled by beta-oflset). On the other
hand, 1 Opt. 2, the CSI payload size 1s calculated only with
the (reference) CSI part 2 payload size (sealed by beta-
oflset). The (reference) CSI part 2 payload size 1s a value on
which the BS and the UE have pre-agreed. For example, it
may be the maximum or minimum value of the CSI part 2
payload size.

The thirteenth UCI piggyback method described above
may be applied in combination with other proposed methods
ol the present invention as long as they do not conflict with
cach other.

3.14. Fourteenth UCI Piggyback Method

When the UE can omit a part of information about CSI
part 2 (e.g., emlsswn) in performing the UCI piggyback, the
UE may perform omission for CSI part 2 as follows.
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|Equation 10]

b
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— Qack (
/ /

) |Equation 11]

|[Equation 12]

Omission of some low priority blocks for CSI part 2 until
the (eflective) coding rate for CSI part 2 becomes less

than or equal to the (eflective) coding rate for CSI part
1

As a specific example, the UE may perform omission for
CSI part 2 until Condition 1 according to Equation 13 (or
Condition 2 according to Equation 14) 1s satisfied.

CS1.2

Csi1
Bofrser * (Ocsi2 + Lesi2)

5 Boser *(Ocsiy + Lesi 1)

QCS.’,I

|Equation 13]

QCS.’,Z

CSI1
ﬂﬂﬁsar (Ocsi,1 + Les )

CSi2
ﬁeﬁsar

(OCS,J » + Legy 2) [Equatien 14]

QCS.’ 2

Crsi2 =
QCS!,I

Here, Q' g, ; and Q' g, , may denote the numbers ot coded
modulation symbols (or the numbers of UCI mapping REs)
for CSI part 1 and CSI part 2, respectively. In addition, a
reference UCI payload size for CSI part 2 may be utilized in
calculating Q'c,,. In other words, Q' , may be deter-
mined regardless of the UCI payload size of CSI part 2 that
1s actually transmitted.

Here, O, and O, , may denote the UCI payload sizes
tor CSI part 1 and CSI part 2, respectively.

Lesz i and Lg,, may denote CRC bits(s) for CSI part 1
and CSI part 2, respectively.

Bogrer and B ...~ may be the beta-offset values for
CSI part 1 and CSl?part 2, respectively.

Also, Cg;», may be a eedmg rate for CSI part 2.

Speeiﬁeally, in the NR system according to an embodi-
ment of the present invention, in the case of UCI information
having a considerably large paylead size like CSI part 2, the
UE may perform UCI piggyback transmission, omitting
some of the entire UCIs depending on the size of the
resource region of the PUCCH and/PUSCH to be transmit-
ted. At this time the UCI carried on the PUSCH may be
assigned a priority determined according to the type thereof.

For example, when the number of CSI types to be
reported 1n one slot 1s N (which may be associated with, for
example, the CSI process index and the CC index), the
priority for the entire part 2 CSI may be determined depend-
ing on the priority determined based on the CSI type such as
WB CSI and SB CSI, and blocks may be sequentially
omitted from the block with the lowest priority. In this case,
a part of CSI part 2 may be omitted such that a maximum
CSI part 2 payload size 1s obtained as long as the UCI coding

rate for CSI part 2 does not exceed a predetermined thresh-
old coding rate.
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However, when CSI part 2 1s transmitted on the PUSCH,
the PUSCH may or may not have the UL-SCH. Therefore,
when CSI part 2 1s transmitted on the PUSCH, it may be
preferable to calculate the threshold coding rate based on
CSI part 1 for which presence of the UL-SCH 1n the PUSCH
1s always guaranteed.

Thus, the UE may perform omission for CSI part 2 until
the effective UCI coding rate (scaled by beta-oflset) 1s less
than or equal to the effective UCI coding rate (scaled
beta-ofiset) for CSI part 1.

Additionally, the UE may perform omission for CSI part
2 such that the coding rate for CSI part 2 1s less than or equal
to ¢, given below.

¢Sl

- ﬁﬂﬁjgr (OCSLI -+ LCS:’,I) [Equatlﬂﬂ 15]
T — -
ﬁocjjsfiﬁ Qtsi1 Om

Here, Q,, may denote a modulation order for CSI part 1
transmitted 1n the PUSCH.

Alternatively, the UE may perform omission for CSI part
2 1n the following manner by applying an upper limit to c..

]
Here, r_ . may be a value on which the BS and the UE

have pre-agreed (or a value set through a higher layer). For
example, 1t may be 0.8.

In addition, when the UCI on PUSCH 1s without UL-SCH
and the UE performs omission for CSI part 2 such that the
coding rate for CSI part 2 1s less than or equal to c,, there
may be no UCI payload size of CSI part 2 that makes the
coding rate for CSI part 2 less than or equal to ¢, ({or
example, the coding rate for CSI part 2 1s greater than ¢,
even 1 the mimimum UCI payload size of CSI part 2 1s
assumed). In this case, the UE may omit all CSI part 2

transmissions and calculate the number of REs for CSI part
1 as follows.

CSI1
. {&ﬁm (Ocsi1 +Lesry)
cr = min

Qtsi1 - Om

|Equation 16]

PUSCH
Nsymb all -1

, uc ,
sy = Z Mg~ (D= Qacx

{=0

|Equation 17]

Here, Q' -z and Q's; ; may denote the numbers ot coded
modulation symbols (or the numbers of UCI mapping REs)

for HA%Q -ACK and CSI part 1, respectively.

(1) may denote the number of UCI mapping REs 1n

symbol index 1, N, .,/ " may denote the total number

of (OFDM) symbols in the PUSCH, and 1, may denote the
symbol index of the earliest non- DM RS (OFDM) symbol
alter the first DM-RS (OFDM) symbol(s) 1n a slot.

The fourteenth UCI piggyback method described above
may be applied 1n combination with other proposed methods
ol the present invention as long as they do not conflict with
cach other.

3.15. Fifteenth UCI Piggyback Method

When the UE transmits only the UCI on the PUSCH
without the UL-SCH, the BS may indicate a target coding
rate for the PUSCH through a higher layer signal and/or
DCI. Thereatter, the UE may calculate the numbers of coded
modulation symbols (or the numbers of UCI mapping REs)
for HARQ-ACK, CSI part 1, and CSI part 2 as disclosed

below. In the equation below, Q' ~x, Q'cs7 1, and Q' s, , may
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denote the numbers of coded modulation symbols (or the
numbers of UCI mapping REs) for HARQ-ACK, CSI part 1,
and CSI part 2, respectively.

Qhcx = [Equation 18]
ACK (N bl H
svinb.q
N Bl - (Oack + Lack) UCH
ming | —2 , Z Mi (D)
co - Om Py
\ —*0 y
( CSi1 [Equation 19]
0 N Bomser - Ocsin + Lesin)
csf,1 = 1IN
Co- Qm
( PUSCH "w
Nsymb all -1 UC.’
@
& Z M. - Qack
or
( CSi |Equation 20]
0 = min 5@@; (Ocsi1 + Lesty)
CSi1 =
Co- Qm
PUSCH 3
Nsymb all -1 e
':I:-
> (D)~ Qack (
{=0 J
PUSCH :
Ny ombadr™! [Equation 21]

; LT ; ;
Qesin= ), MY ()= Qhex — Qesi

{=0

Here, O, , and O, , may denote the UCI payload sizes
tor CSI part 1 and CSI part 2, respectively.

Les1 and L, may denote CRC bits(s) for CSI part 1
and CSI Cgart 2, respectively.

offset and Pog _.“~"? may be the beta-offset values for
CSI part 1 and CSI part 2, respectively.

Also, Q. may denote a modulation order of UCI trans-
mitted on the PUSCH. Here, (), may be indicated by the BS
through DCI. For example, the BS may indicate the modu-
lation order of the UCI through a bit field indicating the
MCS (1n the UL grant).

Also, ¢, may denote a (virtual) target coding rate for a
PUSCH (without UL-SCH). Here, ¢, may be indicated by
the UE through a higher layer signal and/or DCI. For
example, the BS may indicate one of a plurality of values
which are predetermined (or configured through a higher
layer signal) for the target coding rate for the PUSCH
through a bit filed other than the bit field indicating an MCS
(and/or a time/frequency resource allocated to the PUSCH
and/or an RV value). Particularly, the target coding rate may
be mndicated through a bit field indicating a HARQ process
ID.

In addition, o, which 1s a value set by the BS through a
higher layer signal, may denote a scaling factor between O
and 1, and may be omitted.

M;I;UC.’ (f)

may denote the number of UCI mapping REs in symbol

index 1, N, .,..;  may denote the total number of

(OFDM) symbols in the PUSCH, and 1, may denote the
symbol index of the earliest non-DM-RS (OFDM) symbol
alter the first DM-RS (OFDM) symbol(s) 1n a slot.
Specifically, the number of UCI REs 1n a PUSCH with a
UL-SCH may be determined by the ratio between the UCI
payload size (scaled by the beta-oflset) and the data payload
size. On the other hand, for the PUSCH without a UL-SCH,
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there 1s no data payload size, and therefore a (virtual) target
coding rate may be utilized as a reference value to replace
the data payload size.

For example, even 1n the case of a PUSCH without the
UL-SCH, the BS may indicate to the UE a (virtual) PUSCH

target coding rate through a higher layer signal and/or the
DCI, and the UE may calculate the number of REs for each
UCI type based on the (virtual) PUSCH target coding rate,
the beta-oflset value, the UCI payload size, and the modu-
lation order.

Specifically, the UE may calculate the number of UCI

REs for a specitic UCI type such that the (effective) UCI
payload size obtained by scaling the UCI payload size for
the specific UCI type by a beta-oflset ({or the UCI type) 1s
equal to the PUSCH target coding rate.

In this case, the number of REs for CSI part 2 may be

equal to the number of remaining REs other than the REs
allocated to HARQ-ACK and/or CSI part 1 1n the PUSCH.

Particularly, in this configuration, the (virtual) target
coding rate for the PUSCH may be indicated by a bit field
indicating a HARQ process ID 1n the UL grant. This 1s
because, 1n the UL grant indicating the UCI only PUSCH,
the bt field indicating the HARQ process ID does not need
to indicate the HARQ ID and 1s thus allowed to be reused for
other purposes.

Additionally, the UE may perform omission for CSI part
2 such that the coding rate for CSI part 2 1s less than or equal
to ¢ given below.

Co

51,2
ﬁﬂﬁsﬁ

|Equation 22]

Cr =

Here, c, 1s a target coding rate for the PUSCH, and the BS
may indicate ¢, through a higher layer signal and/or DCI.
For example, the BS may indicate one of a plurality of
values which are predetermined (or configured through a
higher layer signal) as the target coding rate for the PUSCH
through a bit field indicating the HARQ process ID (in the

UL grant).

C'ST.2

Here, P, g, may be the beta-ofiset values for CSI part

1 and CSI part 2.

Additionally, the RS density for a phase tracking refer-
ence signal (PT-RS) may also be determined in accordance
with the (virtual) target coding rate for the PUSCH. That 1s,
when a PT-RS density corresponding to each (virtual) target
coding rate for the PUSCH 1s determined in advance or
through a higher layer signal, the UE may apply the corre-
sponding PT-RS density according to the (virtual) target
coding rate value for the PUSCH indicated in the UL grant.
Here, the (virtual) target coding rate for the PUSCH may be
indicated by the bit field indicating the HARQ process 1D 1n
the UL grant.

In addition, when the UE transmits only the UCI on the
PUSCH without the UL-SCH (and the CSI in the UCI has
only a single-part), the BS may indicate the target coding
rate for the PUSCH through a higher layer signal and/or the
DCI, and the UE may calculate the numbers of coded

modulation symbols (or the numbers of UCI mapping REs)
for the HARQ-ACK and the single part CSI as follows. In

other words, the UE may allocate all the RE(s) for CSI

transmission except for the RE(s) allocated for HARQ-ACK
transmission in the PUSCH.

In the equation given below, Q' , .- and Q' .., may denote
the numbers of coded modulation symbols (or the numbers

of UCI mapping REs) for HARQ-ACK and single part CSI,
respectively.
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(1) Option 1

Qvcx = [Equation 23]
BACK (0 Lick) N;ﬁ?ﬂ ! |
. offse ck t Lack UCH
min ffset HQ A Z M(D (!) |
¢ FH
’ =4 /
N S"; ﬁiffg 1 [Equation 24]
, el
Qest = Z My (D - Qhek
=0
(2) Option 2
(e NPUSCH Y [Equation 23]
0’ | Boeer - Oack + Lack)| ™ Z M.:I,UC.’
= IM11¥ y
ACK 0O 2. |
N1 [Equation 26]
, uci
Qcst = Z My (D - Qhek
=0
Here, Bﬂﬁefcx may be a beta-oflset value for HARQ-
ACK.

In addition, Q_ may denote a modulation order for the
UCI transmitted 1n the PUSCH, and may be indicated by the
BS through the DCI. For example, the BS may indicate the
modulation order of the UCI Q,_ through the bit field
indicating the MCS (in the UL grant).

Also, ¢, may denote a (virtual) target coding rate for a
PUSCH (without UL-SCH). Here, ¢, may be indicated by
the UE through a higher layer signal and/or DCI. For
example, the BS may indicate one of a plurality of values
which are predetermined (or configured through a higher
layer signal) for the target coding rate for the PUSCH
through a bit field other than the bit field indicating an MCS
(and/or a time/frequency resource allocated to the PUSCH
and/or an RV value). Particularly, the BS may indicate the
target coding rate through a bit field indicating a HARQ
process ID.

In addition, o, which 1s a value set by the BS through a

higher layer signal, may denote a scaling factor between O
and 1.

m(l) may denote the number of UCI mapping REs 1n

symbol index I, N, b,aZZP “>“ may denote the total number
of (OFDM) symbols in the PUSCH, and 1, may denote the
symbol index of the earliest non-DM-RS (OFDM) symbol
alter the first DM-RS (OFDM) symbol(s) 1n a slot.

In the NR system according to an embodiment of the
present invention, when CSI indicating reference signal
received power (RSRP) information about a specific beam 1s
transmitted as A-CSIl on PUSCH, the CS] may be composed
of only a single part. When the UE transmits the UCI only
on PUSCH without UL-SCH, the UE may allocate all the
RE(s) for CSI transmission except for the RE(s) allocated
for HARQ-ACK transmission.

Particularly, when the UE transmits only the UCI on the
PUSCH without the UL-SCH, the number of CSI transmis-
sion REs may be set differently depending on whether the
CSI transmitted on the PUSCH 1s single part CSI or two-part
CSI (1.e., CSI part 1 and CSI part 2).

For example, if the CSI 1s two-part CSI, the UE may apply
the method of calculating the numbers of coded modulation
symbols (or the numbers of UCI mapping REs) for HARQ-
ACK, CSI part 1 and CSI part 2 described above. If the CSI
1s single part CSI, the UE may apply the method of calcu-

lating the numbers of coded modulation symbols (or the
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numbers of UCI mapping REs) for the HARQ-ACK and the
single part CSI described above.
The fifteenth UCI piggyback method described above

may be applied 1n combination with other proposed methods
of the present invention as long as they do not contlict with
cach other.

FIG. 31 1s a diagram illustrating a UCI piggybacking
method of a terminal and a base station according to an
embodiment of the present invention. In this embodiment, 1t
1s assumed that UCI piggyback 1s performed on a PUSCH

without UL-SCH.
The base station (BS) according to the present invention

transmits, to the UE, scaling information on acknowledge-
ment iformation (e.g., HARQ-ACK) included 1n the UCI
(S3110). In response, the UE recerves, from the BS, the
scaling information on the acknowledgment information
included in the UCI.

Here, the scaling information may be transmitted/recerved
through higher layer signaling (e.g., RRC signaling) or may
be transmitted/received through downlink control informa-
tion.

The UE determines the number of first coded modulation
symbols for the acknowledgement information on physical
uplink shared channel (PUSCH) without uplink shared chan-
nel (UL-SCH) on the basis of the scaling information
(S3120).

In addition, the UE determines the number of second
coded modulation symbols for channel state information
(CSI) by subtracting the number of the first coded modula-
tion symbols from the number of resource elements that can
be used for transmission of the UCI including the acknowl-
edgement information and the CSI (83130).

For example, when the CSI includes CSI part 1 and CSI
part 2 and the number of the first coded modulation symbols
corresponds to Q' -, the UE may determine the number of
coded modulation symbols for CSI part 1 and CSI part 2
based on the equations given below.

More specifically, the UE may determine the number of
third coded modulation symbols for CSI part 1 and the
number of fourth coded modulation symbols for CSI part 2
based on Equations 27 and 28 given below.

r CSi1 |Equation 27]
O = min  Bosw (Ocsii + Lesin)
CSh1 =
mj!gm
PUSCH 3
Nsymb atf -1 e
@

Z Msc (Z) — Qiﬂl CK (

!ZD ).
N;; UoCH —1 [Equation 28]

’ U] ? !
Oesin = Z My (D= Quck — Cesi

{=0

Here, Og;; may denote the payload size for CSI part 1,
Loy, may denote the number of CRC (Cyclic Redundancy
Check) bits for the CSI part 1, and Pos "' may denote
beta oflset value for CSI part 1 Q,, may denote the modu-
lation order of the UCI transmitted 1n the PUSCH, ¢, may
denote a target code rate of the PUSCH without the UL-
SCH, M_® (1) may denote the number of resource ele-
ments that can be used for transmission of the UCT in symbol

index 1, and N, A may denote the total number of

symbols of the PUSCH.

In this case, the sum of the number of the third coded
modulation symbols and the number of the fourth coded
modulation symbols may correspond to the number of the
second coded modulation symbols.

In another example, 1f the CSI icludes CSI part 1 only
and the number of the first coded modulation symbols
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corresponds to Q' , -z, the UE may determine the numbers of
coded modulation symbols for the acknowledgment infor-
mation and the CSI part 1 based on the following equation
given below.

More specifically, the UE may determine the number of
third coded modulation symbols for CSI part 1 and the
number of the first coded modulation symbols for the
acknowledgment information based on Equations 29 and 30
below.

N;ﬁ%ﬂ 1 [Equation 29]
' U] '
s = Z Mg (D= Qack
{=0
’ _ .

Qcx = |Equation 30]

ACK bl W

|| Bosser - (Oack + Lack) R QUCT
min 0O |- Z M. (D¢
0" %m (=0 ,:

T
Here, M_® (1) may denote the number of resource
elements that can be used for transmission ot the UCI 1n

symbol index 1, and N, ./ ' may denote a total

number of synlbels of the PUSCH. O, may denote the
payload size for the acknowledgement intormation, L .

may denote the number of CRC (Cyclic Redundancy Check)

bits for the acknowledgement information, and f3_ " et

may denote a beta oflset value for the acknowledgement
information. ¢, may denote a target code rate of the PUSCH
without the UL-SCH, and o may denote a scaling value

indicated by the scaling information.
Subsequently, the UE transmits, to the BS, the UCI

including the acknowledgment information and the CSI on
the PUSCH (1.e., the PUSCH without the UL-SCH) on the
basis of the number of the first coded modulation symbols

and the number of the second coded modulation symbols
(53140). In response, the BS may receive, from the UE, the
UCT including the acknowledgment information and the CSI
on the PUSCH (1.¢., the PUSCH without the UL-SCH) based
on the number of the first coded modulation symbols and the
number of the second coded modulation symbols.

In the present invention, the PUSCH on which the UCI 1s
transmitted may be determined according to the following
rules.

For example, when a plurality of PUSCHs 1n which a
transmission interval 1s overlapped with a physical uplink
control channel (PUCCH) 1n which transmission of the UCI
1s scheduled comprises one or more first PUSCHs scheduled
by corresponding uplink grants and one or more second
PUSCHs configured without corresponding uplink grants,
the PUSCH 1n which the UCI is transmitted may be deter-
mined to be one of the one or more first PUSCHs.

In particular, when the one or more first PUSCHs include
a plurality of first PUSCHs, the PUSCH in which the UCI
1s transmitted may be determined to be a PUSCH to be
transmitted first among the one or more first PUSCHs.

It 1s obvious that examples of the proposed schemes
described above may also be included 1n one of the imple-
mentation methods of the present invention, and thus may be
regarded as a kind of proposed scheme. In addition, the
proposed schemes described above may be implemented
independently or by combining (or merging) some of the
proposed schemes. A rule may be defined such that the BS
informs the UE of the information on whether or not the
proposed methods are applied (or information on the rules of
the proposed methods) through a predefined signal (e.g., a
physical layer signal or a higher layer signal).

4. Device Configuration

FIG. 32 1s a diagram 1illustrating configuration of a user
equipment and a base station by which the proposed
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embodiments may be implemented. The UE and the BS
shown 1n FIG. 32 operate to implement the above-described
embodiments of the uplink control information transmis-
sion/reception methods between the UE and the BS.

A UE 1 may act as a transmission end on a UL and as a
reception end on a DL. A BS (eNB or gNB) 100 may act as
a reception end on a UL and as a transmission end on a DL.

That 1s, each of the UE and the base station may include
a Transmitter (1x) 10 or 110 and a Receiver (Rx) 20 or 120,
for controlling transmission and reception of information,
data, and/or messages, and an antenna 30 or 130 for trans-
mitting and receiving information, data, and/or messages.

Each of the UE and the base station may further include
a processor 40 or 140 for implementing the afore-described
embodiments of the present disclosure and a memory 50 or
150 for temporarily or permanently storing operations of the
processor 40 or 140.

The UE 1 configured as described above receives, from
the BS, scaling information on the acknowledgment infor-
mation included in the UCI via the receiver 20 through
higher layer signaling. The UE 1 determines the number of
first coded modulation symbols for the acknowledgement
information on physical uplink shared channel (PUSCH)
without uplink shared channel (UL-SCH) on the basis of the
scaling information and determines the number of second
coded modulation symbols for channel state information
(CSI) by subtracting the number of the first coded modula-
tion symbols from the number of resource elements that can
be used for transmission of the UCI including the acknowl-
edgement information and the CSI, using the processor 40.
Subsequently, the UE 1 transmits, to the BS, the UCI
including the acknowledgment information and the CSI on
the PUSCH on the basis of the number of the first coded
modulation symbols and the number of the second coded
modulation symbols through the transmitter 10.

In response, the BS 100 transmits, to the UE 1, scaling
information on acknowledgement information included 1n
the UCI via the transmitter 110 through higher layer signal-
ing. Then, the BS 100 receives, from the UE 1, the UCI
including acknowledgement information and channel state
information (CSI) on a physical uplink shared channel
(PUSCH) without an uplink shared channel (UL-SCH)
through the receiver 120. At this time, the UCI including the
acknowledgement information and the CSI may be received
on the PUSCH on the basis of the number of first coded
modulation symbols for the acknowledgement information
and the number of second coded modulation symbols for the
CSI. Herein, the number of the first coded modulation
symbols may be determined on the basis of the scaling
information, and the number of the second coded modula-
tion symbols may be determined by subtracting the number
of the first coded modulation symbols from a number of
resource elements that can be used for transmission of the
UCI comprising the acknowledgement information and the
CSI.

The Tx and Rx of the UE and the base station may
perform a packet modulation/demodulation function for data
transmission, a high-speed packet channel coding function,
OFDM packet scheduling, TDD packet scheduling, and/or
channelization. Each of the UE and the base station of FIG.
32 may further include a low-power Radio Frequency (RF)/
Intermediate Frequency (IF) module.

Meanwhile, the UE may be any of a Personal Digital
Assistant (PDA), a cellular phone, a Personal Communica-
tion Service (PCS) phone, a Global System for Mobile
(GSM) phone, a Wideband Code Division Multiple Access
(WCDMA) phone, a Mobile Broadband System (MBS)
phone, a hand-held PC, a laptop PC, a smart phone, a Multi
Mode-Multi Band (MM-MB) terminal, eftc.

The smart phone 1s a terminal taking the advantages of
both a mobile phone and a PDA. It incorporates the func-
tions of a PDA, that 1s, scheduling and data communications
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such as fax transmission and reception and Internet connec-
tion 1nto a mobile phone. The MB-MM terminal refers to a
terminal which has a multi-modem chip built therein and
which can operate 1n any of a mobile Internet system and

other mobile communication systems (e.g. CDMA 2000,
WCDMA, efc.).

Embodiments of the present disclosure may be achieved
by various means, for example, hardware, firmware, soft-
ware, or a combination thereof.

In a hardware configuration, the methods according to
exemplary embodiments of the present disclosure may be

achieved by one or more Application Specific Integrated
Circuits (ASICs), Digital Signal Processors (DSPs), Digital
Signal Processing Devices (DSPDs), Programmable Logic
Devices (PLDs), Field Programmable Gate Arrays (FPGAs),

processors, controllers, microcontrollers, microprocessors,
etc.

In a firmware or soltware configuration, the methods
according to the embodiments of the present disclosure may
be 1mplemented in the form of a module, a procedure, a
function, etc. performing the above-described functions or
operations. A software code may be stored 1n the memory 50
or 150 and executed by the processor 40 or 140. The
memory 1s located at the interior or exterior of the processor
and may transmit and receive data to and from the processor
via various known means.

Those skilled 1n the art will appreciate that the present
disclosure may be carried out in other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present disclosure. The above
embodiments are therefore to be construed in all aspects as
illustrative and not restrictive. The scope of the disclosure
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are itended to be embraced therein. It 1s
obvious to those skilled in the art that claims that are not
explicitly cited in each other 1n the appended claims may be
presented 1n combination as an embodiment of the present
disclosure or included as a new claim by a subsequent
amendment after the application 1s filed.

What 1s claimed 1s:

1. A method for transmitting uplink control information
(UCI) at a user equipment (UE) to a base station (BS) 1n a
wireless communication system, the method comprising;
recerving, from the BS, scaling information for acknowl-
edgement information through higher layer signaling;

determining a number of first coded modulation symbols
for the acknowledgement information on physical
uplink shared channel (PUSCH) without uplink shared
channel (UL-SCH) based on the scaling information;

determinming a number of second coded modulation sym-
bols for channel state information (CSI) by subtracting
the number of the first coded modulation symbols from
a number of resource elements that can be used for
transmission of the UCI including the acknowledge-
ment information and the CSI; and

transmitting, to the BS, the UCI on the PUSCH based on

the number of the first coded modulation symbols and
the number of the second coded modulation symbols,
wherein, based on that the CSI includes CSI part 1 and
CSI part 2, a number of third coded modulation sym-
bols for the CSI part 1 satisfies below equation 1, and
a number of fourth coded modulation symbols for the CSI
part 2 satisfies below equation 2,

where Q' , .- denotes the number of the first coded modu-

lation symbols,
where O, , denotes payload size for the CSI part 1,
where L, , denotes a number of CRC (Cyclic Redun-
dancy Check) bits for the CSI part 1,
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where Bﬂﬁefﬂ ! denotes beta offset value for the CSI part
1,

where Q_ denotes modulation order of the UCI transmit-
ted 1n the PUSCH,

where ¢, denotes a target code rate of the PUSCH without
the UL-SCH,

UcClt
where M_ ¥ (1) denotes a number of resource elements

that can be used for transmission of the UCI in symbol
index 1,
where N_ ., ../ 7>“*" denotes a total number of symbols

of the PUSCH.
2. The method of claim 1,

wherein a sum of the number of the third coded modu-
lation symbols and the number of the fourth coded
modulation symbols 1s the number of the second coded
modulation symbols.

3. The method of claim 1,

wherein when a plurality of PUSCHs in which a trans-

mission interval 1s overlapped with a physical uplink
control channel (PUCCH) 1n which transmission of the
UCI 1s scheduled comprises one or more first PUSCHs
scheduled by corresponding uplink grants and one or
more second PUSCHs configured without correspond-
ing uplink grants,

the PUSCH 1 which the UCI 1s transmitted 1s one of the
one or more first PUSCHs.

4. The method of claim 3,

wherein the PUSCH 1n which the UCI 1s transmitted
corresponds to a PUSCH to be transmitted first among
the one or more first PUSCHs.

5. A method for receiving uplink control information

(UCI) by a base station (BS) from a user equipment (UE) 1n
a wireless communication system, the method comprising:

transmitting, to the UE, scaling information for acknowl-
edgement information through higher layer signaling;
and

receiving from the UE, the UCI on a physical uplink
shared channel (PUSCH) without a uplink shared chan-
nel (UL-SCH),

wherein the UCI includes the acknowledgement informa-
tion and channel state information (CSI), and the UCI
1s recerved based on a number of first coded modulation
symbols for the acknowledgement information and a
number of second coded modulation symbols for the
CSl,

wherein the number of the first coded modulation symbols
1s determined based on the scaling information,

wherein the number of the second coded modulation
symbols 1s determined by subtracting the number of the
first coded modulation symbols from a number of
resource elements that can be used for transmission of
the UCI,

wherein, based on that the CSI includes CSI part 1 and
CSI part 2, a number of third coded modulation sym-
bols for the CSI part 1 satisfies below equation 1, and

a number of fourth coded modulation symbols for the CSI
part 2 satisfies below equation 2,

where Q' , - denotes the number of the first coded modu-
lation symbols,

where O, , denotes payload size for the CSI part 1,

where L ; denotes a number of CRC (Cyclic Redun-

dancy Check) bits for the CSI part 1,

where Bﬂﬁefﬂ > denotes beta offset value for the CSI part
1,

where Q  denotes modulation order of the UCI transmit-
ted 1n the PUSCH,

where ¢, denotes a target code rate of the PUSCH without
the UL-SCH,

where M__® (1) denotes a number of resource elements
that can be used for transmission of the UCI in symbol
index 1,
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where N_ mb:aﬁp “SCH denotes a total number of symbols
of the PUSCH.

6. The method of claim 5,

wherein a sum of the number of the third coded modu-
lation symbols and the number of the fourth coded
modulation symbols 1s the number of the second coded
modulation symbols.

7. The method of claim 5,

wherein when a plurality of PUSCHs in which a trans-
mission interval 1s overlapped with a physical uplink
control channel (PUCCH) 1n which transmission of the
UCI 1s scheduled comprises one or more first PUSCHs
scheduled by corresponding uplink grants and one or
more second PUSCHs configured without correspond-
ing uplink grants,

the PUSCH 1n which the UCI 1s transmitted 1s one of the
one or more first PUSCHs.

8. The method of claim 7,

wherein the PUSCH 1n which the UCI 1s transmaitted
corresponds to a PUSCH to be transmitted first among
the one or more first PUSCHs.

9. A user equipment (UE) configured to transmit uplink

control information (UCI) to a base station (BS) 1n a wireless
communication system, the UE comprising:

a transmitter:;

a receiver; and

a processor connected to the transmitter and the receiver
to operate,

wherein the processor 1s configured to:

receive, from the BS, scaling information for acknowl-
edgement information through higher layer signaling;

determine a number of first coded modulation symbols for
the acknowledgement information on physical uplink
shared channel (PUSCH) without uplink shared chan-
nel (UL-SCH) based on the scaling information;

determine a number of second coded modulation symbols
for channel state information (CSI) by subtracting the
number of the first coded modulation symbols from a
number of resource elements that can be used for
transmission of the UCI including the acknowledge-
ment information and the CSI; and

transmit to the BS, the UCI on the PUSCH based on the
number of the first coded modulation symbols and the
number of the second coded modulation symbols,

wherein, based on that the CSI includes CSI part 1 and
CSI part 2, a number of third coded modulation sym-
bols for the CSI part 1 satisfies below equation 1, and

a number of fourth coded modulation symbols for the CSI
part 2 satisfies below equation 2,

where Q' , - denotes the number of the first coded modu-

lation symbols,

where O, , denotes payload size for the CSI part 1,

where L., denotes a number of CRC (Cyclic Redun-
dancy Check) bits for the CSI part 1,

where 3., "' denotes beta offset value for the CSI part
1,

where Q. denotes modulation order of the UCI transmiut-
ted 1n the PUSCH,

where ¢, denotes a target code rate of the PUSCH without
the UL-SCH,

where M_ ¥ (1) denotes a number of resource elements
that can be used for transmission of the UCI 1n symbol
index 1,

where N, ..~ denotes a total number of symbols
of the PUSCH.

10. A base station (BS) configured to receive uplink

control information (UCI) from a user equipment (UE) 1n a
wireless communication system, the UE comprising;:

a transmitter;

a receiver; and

a processor connected to the transmitter and the receiver
to operate,
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wherein the processor 1s configured to:
transmit, to the UE, scaling information for acknowledge-
ment 1nformation through higher layer signaling; and

receive, from the UE, the UCI on a physical uplink shared
channel (PUSCH) without a uplink shared channel

(UL-SCH),

wherein the UCI includes the acknowledgement informa-
tion and channel state information (CSI), and the UCI
1s recerved based on a number of first coded modulation
symbols for the acknowledgement information and a
number of second coded modulation symbols for the
CSl,

wherein the number of the first coded modulation symbols
1s determined based on the scaling information,

wherein the number of the second coded modulation
symbols 1s determined by subtracting the number of the
first coded modulation symbols from a number of
resource elements that can be used for transmission of
the UCI,

wherein, based on that the CSI includes CSI part 1 and
CSI part 2, a number of third coded modulation sym-

bols for the CSI part 1 satisfies below equation 1, and

10

15

06

a number of fourth coded modulation symbols for the CSI
part 2 satisfies below equation 2,

where Q' , .- denotes the number of the first coded modu-
lation symbols,

where O, , denotes payload size for the CSI part 1,

where L., denotes a number of CRC (Cyclic Redun-
dancy Check) bits for the CSI part 1,

where 3., "' denotes beta offset value for the CSI part
1,

where O denotes modulation order of the UCI transmiut-
ted 1n the PUSCH,

where ¢, denotes a target code rate of the PUSCH without
the UL-SCH,

UCl
where M__® (1) denotes a number of resource elements

that can be used for transmission of the UCI i symbol
index 1,

where N, ..~ denotes a total number of symbols
of the PUSCH.
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